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RESIST COMPOSITION, COMPOUND,
POLYMERIC COMPOUND AND METHOD OF
FORMING RESIST PATTERN

The present invention was made pursuant to a joint own-
ership agreement between Tokyo Ohka Kogyo Co., Ltd. and
SAN-APRO LTD.

TECHNICAL FIELD

The present invention relates to a resist composition, a
compound, a polymeric compound and a method of forming
a resist pattern.

Priority is claimed on Japanese Patent Application No.
2013-115542, filed May 31, 2013, the content of which is
incorporated herein by reference.

DESCRIPTION OF RELATED ART

In lithography techniques, for example, a resist film com-
posed of a resist material is formed on a substrate, and the
resist film is subjected to selective exposure of radial rays
such as light or electron beam through a mask having a
predetermined pattern, followed by development, thereby
forming a resist pattern having a predetermined shape on the
resist film.

A resist material in which the exposed portions become
soluble in a developing solution is called a positive-type, and
a resist material in which the exposed portions become
insoluble in a developing solution is called a negative-type.

In recent years, in the production of semiconductor ele-
ments and liquid crystal display elements, advances in lithog-
raphy techniques have led to rapid progress in the field of
pattern miniaturization.

Typically, these miniaturization techniques involve short-
ening the wavelength (increasing the energy) of the exposure
light source. Conventionally, ultraviolet radiation typified by
g-line and i-line radiation has been used, but nowadays KrF
excimer lasers and ArF excimer lasers are starting to be intro-
duced in mass production. Furthermore, research is also
being conducted into lithography techniques that use an
exposure light source having a wavelength shorter (energy
higher) than these excimer lasers, such as electron beam,
extreme ultraviolet radiation (EUV), and X ray.

Resist materials for use with these types of exposure light
sources require lithography properties such as a high resolu-
tion capable of reproducing patterns of minute dimensions,
and a high level of sensitivity to these types of exposure light
sources.

As aresist material that satisfies these conditions, a chemi-
cally amplified composition is used, which includes a base
material component that exhibits a changed solubility in a
developing solution under the action of acid and an acid-
generator component that generates acid upon exposure. For
example, in the case where the developing solution is an alkali
developing solution (alkali developing process), a chemically
amplified positive resist which contains, as a base component
(base resin), a resin which exhibits increased solubility in an
alkali developing solution under action of acid, and an acid
generator is typically used. If a resist film formed using such
a resist composition is selectively exposed at the time of
forming a resist pattern, in exposed areas, an acid is generated
from the acid generator component, and the polarity of the
base resin increases by the action of the generated acid,
thereby making the exposed areas soluble in the alkali devel-
oping solution. Thus, by conducting alkali developing, the
unexposed portions remain to form a positive resist pattern.
On the other hand, in the case of applying a solvent develop-
ing process using a developing solution containing an organic
solvent (organic developing solution), when the polarity of
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the base resin increases, the solubility in the organic devel-
oping solution is relatively decreased. Therefore, unexposed
areas of the resist film are dissolved in and removed by the
organic developing solution, whereby a negative-type resist
pattern in which exposed areas remain as a pattern is formed.
Such a solvent developing process for forming a negative-
tone resist composition is sometimes referred to as “negative-
tone developing process” (Patent Literature 1).

Currently, resins that contain structural units derived from
(meth)acrylate esters within the main chain (acrylic resins)
are now widely used as base resins for resist compositions
that use ArF excimer laser lithography, as they exhibit excel-
lent transparency in the vicinity of 193 nm (for example, see
Patent Document 2).

On the other hand, as acid generators usable in a chemi-
cally amplified resist composition, various types have been
proposed including, for example, onium salt acid generators;
oxime sulfonate acid generators; diazomethane acid genera-
tors; nitrobenzylsulfonate acid generators; iminosulfonate
acid generators; and disulfone acid generators. In recent
years, there has been proposed a photoacid generator using a
fluorine-containing sulfonic acid group-containing com-
pound. (For example, Patent Literature 3)

DOCUMENTS OF RELATED ART
Patent Literature

[Patent Literature 1] Japanese Unexamined Patent Applica-
tion, First Publication No. 2009-025723

[Patent Document 2] Japanese Unexamined Patent Applica-
tion, First Publication No. 2003-241385

[Patent Document 3] Japanese Unexamined Patent Applica-
tion, First Publication No. 2009-7327

SUMMARY OF THE INVENTION

As further progress is made in lithography techniques and
miniaturization of resist patterns, improvement in resist mate-
rials has been demanded in terms of various lithography
properties.

However, when a conventional acid generator as that dis-
closed in Patent Literature 3 was used, there was still room for
improvement in various lithography properties.

The present invention takes the above circumstances into
consideration, with an object of providing a resist composi-
tion containing a compound which is useful for acid genera-
tion in a resist composition, a method for forming a resist
pattern using the resist composition, and a compound which
is useful for acid generation in a resist composition.

A first aspect of the present invention is a resist composi-
tion including a compound (m0) shown below.

[Chemical Formula 1]

(m0)
Rb!

©

§®
LN X0

Rb Rb?

In formula (m0), Rb' represents an electron withdrawing
group; Rb® and Rb* each independently represents an aryl
group which may have a substituent, an alkyl group which
may have a substituent or an alkenyl group which may have a
substituent, provided that Rb*> and Rb®> may be mutually
bonded to form a ring with the sulfur atom; and X0~ repre-
sents a monovalent counteranion.
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A second aspect of the present invention is a compound
(B11) shown below.

[Chemical Formula 2]

(B11)

Rb!
g (C] (S]
a2 gy X11
(b11-1)
Rpl102
(€]
R0l — ypl101— yyplol SO;
F
(b11-2)
RblO4_LblOl_VblOZ_SO2
©

N

RblOS_LbIOZ_VbIOS_Séz
b11-3
Rb106—1 103 ¢ )
Rb17—1pl4_—c ©

RblOS_LbIOS

In formula (B11), Rb' represents an electron withdrawing
group; Rb® and Rb* each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb> may be mutually bonded to form a ring with the
sulfur atom; and X11~ is a counteranion represented by any
one of formulae (b11-1) to (b11-3).

In formulae (b11-1) to (b11-3), Rb'%!, Rb*** and Rb'*®
each independently represents a cyclic group which may have
a substituent or a chain-like alkenyl group which may have a
substituent; Rb'°% to Rb'°® each independently represents a
cyclic group which may have a substituent, a chain-like alkyl
group which may have a substituent or a chain-like alkenyl
group which may have a substituent; provided that Rb'** and
Rb'°® may be mutually bonded to form a ring; Rb'°% and
Rb'°7 may be mutually bonded to form a ring; Rb'°* repre-
sents a fluorine atom or a fluorinated alkyl group of 1 to 5
carbon atoms; Yb'’! represents a single bond or a divalent
linking group containing an oxygen atom; Vb'°* to Vb3
each independently represents a single bond, an alkylene
group or a fluorinated alkylene group; L'°* and L'°? each
independently represents a single bond or an oxygen atom;
Lb'% to Lb'% each independently represents a single bond,
—CO— or —SO,—.

A third aspect of the present invention is a polymeric com-
pound (A0-B11) including a structural unit derived from a
compound (B11-01) shown below.

[Chemical Formula 3]

(B11-01)
Rb!

S
a2’ gy X11-1
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-continued
(b11-01-1)
RblOZ
©

RbZOl_YbIOI_VbIOI SO3

F
(b11-01-2)
RbZO4_LblOl_VblOZ_SO2

N ©

Rb2°5—Lb1°2—Vb103—S(/)2
b11-01-3
Rb296—1 103 ¢ )
Rb27—Tplo4—0 ©

Rb208 —1b 105

In formula (B11-01), Rb* represents an electron withdraw-
ing group; Rb*and Rb* each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb®> may be mutually bonded to form a ring with the
sulfur atom; and X11-17 is a counteranion represented by any
one of formulae (b11-01-1) to (b11-01-3).

In formulae (b11-01-1) to (b11-01-3),

Rb2°! represents a chain-like alkenyl group which may
have a substituent;

Rb>** and Rb**® each independently represents a cyclic
group which may have a substituent or a chain-like alkenyl
group which may have a substituent (provided that at least one
of Rb*** and Rb*** represents a chain-like alkenyl group
which may have a substituent);

Rb2% to Rb*°® each independently represents a cyclic
group which may have a substituent, a chain-like alkyl group
which may have a substituent or a chain-like alkenyl group
which may have a substituent (provided that at least one of
Rb>°% to Rb**®-represents a chain-like alkenyl group which
may have a substituent);

Rb'? represents a fluorine atom or a fluorinated alkyl
group of 1 to 5 carbon atoms; Yb'°* represents a single bond
or a divalent linking group containing an oxygen atom; Vb'°*
to Vb'®® each independently represents a single bond, an
alkylene group or a fluorinated alkylene group; L'° and L*°>
each independently represents a single bond or an oxygen
atom; Lb*® and Lb'® each independently represents a single
bond, —CO— or —SO,—.

A fourth aspect of the present invention is a resist compo-
sition including the polymeric compound (A0-B11).

A fifth aspect of the present invention is a compound (D11)
shown below.

[Chemical Formula 4]

(D11
Rb!

®

R Ny X21

(d11-1)

o

O
(0]

Rle \O

(d11-2)

(0]

Rd2°—S0;
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-continued
(d11-3)

2
Ydlo S
Ra0” SN N pgio
)

In formula (D11), Rb, represents an electron withdrawing
group; Rb® and Rb> each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb* may be mutually bonded to form a ring with the
sulfur atom; and X217 is a counteranion represented by any
one of formulae (d11-1) to (d11-3).

In formula (d11-1), Rd'® represents a cyclic group which
may have a substituent, a chain-like alkyl group which may
have a substituent or a chain-like alkenyl group which may
have a substituent;

In formula (d11-2), Rd*° represents a chain-like alkenyl
group which may have a substituent, a chain-like alkyl group
which may have a substituent or an aliphatic cyclic group
which may have a substituent (provided that 10-camphorsul-
fonate is excluded from formula (d11-2));

in formula (d11-3), Rd*® and Rd*° each independently rep-
resents a cyclic group which may have a substituent, a chain-
like alkyl group which may have a substituent or a chain-like
alkenyl group which may have a substituent;

provided that, the carbon atom adjacent to the S atom
within the Rd*° group in formula (d11-2) has no fluorine atom
bonded thereto; Yd'° represents a single bond or a divalent
linking group.

A sixth aspect of the present invention is a polymeric
compound (A0-D11) including a structural unit derived from
a compound (D11-01) shown below.

[Chemical Formula 5]

(D11-01)

Rb!
S ® ©
w2 Ny X21-1
(d11-01-1)
I
c_©
RleO/ ~0
(d11-01-2)
C]
Rd20—50,
(d11-01-3)
10 O
Yd S
RH007 NN g q300
(€]

Informula (D11-01), Rb, represents an electron withdraw-
ing group; Rb? and Rb? each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb> may be mutually bonded to form a ring with the
sulfur atom; and X21-17 is a counteranion represented by any
one of formulae (d11-01-1) to (d11-01-3);

in formula (d11-01-1), Rd'°° represents a chain-like alk-
enyl group which may have a substituent;

in formula (d11-01-2), Rd*°° represents a chain-like alk-
enyl group which may have a substituent;

in formula (d11-01-3), at least one of Rd**° and Rd**°
represents a chain-like alkenyl group which may have a sub-
stituent;
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provided that, the carbon atom adjacent to the S atom
within the Rd**° group in formula (d11-01-2) has no fluorine
atom bonded thereto; Yd'© represents a single bond or a
divalent linking group.

A seventh aspect of the present invention is a resist com-
position including the polymeric compound (A0-D11).

An eighth aspect of the present invention is a method of
forming a resist pattern, including: using a resist composition
of'the first aspect to form a resist film on a substrate; exposing
of'the resist film; and developing the resist film to form a resist
pattern.

According to the present invention, there are provided a
resist composition containing a compound which is useful for
acid generation in a resist composition, a method for forming
a resist pattern using the resist composition, and a compound
which is useful for acid generation in a resist composition.

DETAILED DESCRIPTION OF THE INVENTION

In the present description and claims, the term “aliphatic”
is a relative concept used in relation to the term “aromatic”,
and defines a group or compound that has no aromaticity.

The term “alkyl group” includes linear, branched or cyclic,
monovalent saturated hydrocarbon, unless otherwise speci-
fied.

The term “alkylene group” includes linear, branched or
cyclic, divalent saturated hydrocarbon, unless otherwise
specified. The same applies for the alkyl group within an
alkoxy group.

A “halogenated alkyl group” is a group in which part or all
of the hydrogen atoms of an alkyl group is substituted with a
halogen atom. Examples of the halogen atom include a fluo-
rine atom, a chlorine atom, a bromine atom and an iodine
atom.

A “fluorinated alkyl group” or a “fluorinated alkylene
group” is a group in which part or all of the hydrogen atoms
of an alkyl group or an alkylene group have been substituted
with a fluorine atom.

The term “structural unit” refers to a monomer unit that
contributes to the formation of a polymeric compound (resin,
polymer, copolymer).

A “structural unit derived from an acrylate ester” refers to
a structural unit that is formed by the cleavage of the ethylenic
double bond of an acrylate ester.

An “acrylate ester” refers to a compound in which the
terminal hydrogen atom of the carboxy group of acrylic acid
(CH,—CH—COOH) has been substituted with an organic
group.

The acrylate ester may have the hydrogen atom bonded to
the carbon atom on the a-position substituted with a substitu-
ent. The substituent (R*) with which the hydrogen atom
bonded to the carbon atom at the a-position is substituted is
an atom other than the hydrogen atom or a group, and
examples thereof include an alkyl group having from 1 to 5
carbon atoms, a halogenated alkyl group having from 1 to 5
carbon atoms, and a hydroxyalkyl group. A carbon atom on
the a-position of an acrylate ester refers to the carbon atom
bonded to the carbonyl group, unless specified otherwise.

Hereafter, an acrylate ester having the hydrogen atom
bonded to the carbon atom on the a-position substituted with
a substituent is sometimes referred to as “c-substituted acry-
late ester”. Further, acrylate esters and a-substituted acrylate
esters are collectively referred to as “(a-substituted) acrylate
ester”.
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A “structural unit derived from hydroxystyrene or a
hydroxystyrene derivative” refers to a structural unit that is
formed by the cleavage of the ethylenic double bond of
hydroxystyrene or a hydroxystyrene derivative.

The term “hydroxystyrene derivative” includes com-
pounds in which the hydrogen atom at the a-position of
hydroxystyrene has been substituted with another substituent
such as an alkyl group or a halogenated alkyl group; and
derivatives thereof. Examples of the derivatives thereof
include hydroxystyrene in which the hydrogen atom of the
hydroxy group has been substituted with an organic group
and may have the hydrogen atom on the a-position substi-
tuted with a substituent; and hydroxystyrene which has a
substituent other than a hydroxy group bonded to the benzene
ring and may have the hydrogen atom on the a-position
substituted with a substituent. Here, the a-position (carbon
atom on the a-position) refers to the carbon atom having the
benzene ring bonded thereto, unless specified otherwise.

As the substituent which substitutes the hydrogen atom on
the a-position of hydroxystyrene, the same substituents as
those described above for the substituent on the a.-position of
the aforementioned a-substituted acrylate ester can be men-
tioned.

A “structural unit derived from vinylbenzoic acid or a
vinylbenzoic acid derivative” refers to a structural unit that is
formed by the cleavage of the ethylenic double bond of vinyl-
benzoic acid or a vinylbenzoic acid derivative.

The term “vinylbenzoic acid derivative” includes com-
pounds in which the hydrogen atom at the a-position of
vinylbenzoic acid has been substituted with another substitu-
ent such as an alkyl group or a halogenated alkyl group; and
derivatives thereof. Examples of the derivatives thereof
include benzoic acid in which the hydrogen atom of the
carboxy group has been substituted with an organic group and
may have the hydrogen atom on the a-position substituted
with a substituent; and benzoic acid which has a substituent
other than a hydroxy group and a carboxy group bonded to the
benzene ring and may have the hydrogen atom on the a-po-
sition substituted with a substituent. Here, the a-position
(carbon atom on the a-position) refers to the carbon atom
having the benzene ring bonded thereto, unless specified oth-
erwise.

The term “styrene” is a concept including styrene and
compounds in which the hydrogen atom at the a-position of
styrene is substituted with other substituent such as an alkyl
group and a halogenated alkyl group.

A “structural unit derived from styrene” or “structural unit
derived from a styrene derivative” refers to a structural unit
that is formed by the cleavage of the ethylenic double bond of
styrene or a styrene derivative.

As the alkyl group as a substituent on the a-position, a
linear or branched alkyl group is preferable, and specific
examples include alkyl groups of 1 to 5 carbon atoms, such as
a methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a tert-butyl group,
a pentyl group, an isopentyl group and a neopentyl group.

Specific examples of the halogenated alkyl group as the
substituent on the a-position include groups in which part or
all of the hydrogen atoms of the aforementioned “alkyl group
as the substituent on the a-position™ are substituted with
halogen atoms. Examples of the halogen atom include a fluo-
rine atom, a chlorine atom, a bromine atom and an iodine
atom, and a fluorine atom is particularly desirable.

Specific examples of the hydroxyalkyl group as the sub-
stituent on the a-position include groups in which part or all
of'the hydrogen atoms of the aforementioned “alkyl group as
the substituent on the a-position” are substituted with a
hydroxy group. The number of hydroxy groups within the
hydroxyalkyl group is preferably 1 to 5, and most preferably
1.
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The case of describing “may have a substituent” includes
both of the case where the hydrogen atom (—H) is substituted
with a monovalent group and the case where the methylene
group (—CH,—) is substituted with a divalent group.

The term “exposure” is used as a general concept that
includes irradiation with any form of radiation.

<<Resist Composition>> <First Resist Composition>

A first resist composition according to the present embodi-
ment includes a compound (m0) represented by general for-
mula (m0).

The resist composition of the present invention preferably
includes a base component (A) (hereafter, referred to as
“component (A)”) which exhibits changed solubility in a
developing solution under action of acid, an acid-generator
component (B) (hereafter, referred to as “component (B)”)
which generates acid upon exposure, and an acid diffusion
control agent component (hereafter, referred to as “compo-
nent (D)”). When a resist film is formed using the resist
composition and the formed resist film is subjected to a selec-
tive exposure, acid is generated from the component (B) at
exposed portions, and the generated acid acts on the compo-
nent (A) to change the solubility of the component (A) in a
developing solution, whereas the solubility of the component
(A) in a developing solution is not changed at unexposed
portions, thereby generating difference in solubility in a
developing solution between exposed portions and unex-
posed portions. Therefore, by subjecting the resist film to
development, the exposed portions are dissolved and
removed to form a positive-tone resist pattern in the case of a
positive resist, whereas the unexposed portions are dissolved
and removed to form a negative-tone resist pattern in the case
of a negative resist. The component (D) functions as an acid
diffusion control agent, i.e., a quencher which traps the acid
generated from the component (B) and the like upon expo-
sure.

The components (A), (B) and (D) which are preferably
included in the resist composition of the present invention
will be described later.

In the present specification, a resist composition which
forms a positive resist pattern by dissolving and removing the
exposed portions is called a positive resist composition, and a
resist composition which forms a negative resist pattern by
dissolving and removing the unexposed portions is called a
negative resist composition.

The resist composition of the present invention may be
either a positive resist composition or a negative resist com-
position.

Further, in the formation of a resist pattern, the resist com-
position of the present invention can be applied to an alkali
developing process using an alkali developing solution in the
developing treatment, or a solvent developing process using a
developing solution containing an organic solvent (organic
developing solution) in the developing treatment.

[Compound (mO0)]

The resist composition of the present invention includes
the compound (m0) shown below.

[Chemical Formula 6]

(m0)
Rb!

®
2SN

©

X0

R Rb?

In formula (m0), Rb' represents an electron withdrawing
group; Rb® and Rb* each independently represents an aryl
group which may have a substituent, an alkyl group which
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may have a substituent or an alkenyl group which may have a
substituent, provided that Rb* and Rb®> may be mutually
bonded to form a ring with the sulfur atom; and X0~ repre-
sents a monovalent counteranion.

In formula (m0), Rb* represents an electron withdrawing
group.

In the present invention, the electron withdrawing group
for Rb* refers to a substituent in which the Hammett substitu-
ent constant 0, is a positive number. The Hammett o,, value
is described, for example, in organic synthetic chemistry vol.
23, No. 8, (1965) p 631-642, written by Yuho Tsuno, and
Organic Chemistry, 4th Edition (Pine, Stanley H.; Hendrick-
son, James B.; Cram, Donald J.; Hammond, George S.) p.
656. In the present invention, although the electron withdraw-
ing group is defined by the o,, value, the electron withdrawing
group is not particularly limited to substituents having a
known value described in the above literatures.

Examples of electron withdrawing group in which the o,
value is a positive value include an alkoxy group {e.g., a
methoxy group (0,, value: 0.12)}, a hydroxy group (0.12), a
halogen atom {e.g., a fluorine atom (0.34), a chlorine atom
(0.37), a bromine atom (0.39), an iodine atom (0.35)}, a
halogenated alkyl group {e.g., a trifluoromethyl group (0.43)
}. an acyloxy group {e.g., an acetoxy group (0.37)}, an acyl
group {for example, an acetyl group (0.38)}, a cyano group
(0.56), a nitro group (0.71), and a sulfonyl group {e.g., a
methylsulfonyl group (0.60)}.

As the electron withdrawing group, examples of the alkoxy
group include a methoxy group, an ethoxy group, an n-pro-
POXy group, an iso-propoxy group, an n-butoxy group, a
sec-butoxy group, a tert-butoxy group, an n-pentoxy group,
an iso-pentoxy group, an neo-pentoxy group and a 2-methyl-
butoxy group.

Examples of the acyl group include an acetyl group, an
ethanoyl group, a propanoyl group, a butanoyl group, a piv-
aloyl group and a benzoyl group.

Examples of the halogenated alkyl group include a fluoro-
alkyl group in which part or all of the hydrogen atoms within
the alkyl group has been substituted with a fluorine atom.
Examples of the alkyl group include a linear alkyl group (a
methyl group, an ethyl group, a propyl group, a butyl group,
apentyl group and an octyl group), a branched alkyl group (an
isopropyl group, an isobutyl group, a sec-butyl group and a
tert-butyl group) and a cycloalkyl group (a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group and a cyclo-
hexyl group).

Examples of the halogen atom include a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom.

As the electron withdrawing group, examples of the acy-
loxy group include an acetoxy group, a butanoyloxy group
and a benzoyloxy group.

Examples of the sulfonyl group include a methanesulfonyl
group, a benzenesulfonyl group, a toluenesulfonyl group, a
trifluoromethanesulfonyl group and a difluoromethanesulfo-
nyl group.

Rb' is preferably a perfluoroalkyl group of 1 to 4 carbon
atoms, a nitro group, a hydroxy group, a cyano group, an acyl
group of 1 to 4 carbon atoms or a halogen atom, more pref-
erably a perfluoroalkyl group of 1 to 4 carbon atoms or a
halogen atom, and most preferably a trifluoromethyl group or
a fluorine atom. When Rb' is in the above-mentioned range,
the photosensitivity and the solubility of the sulfonium salt
becomes excellent.

In formula (m0), Rb? and Rb> each independently repre-
sents an aryl group which may have a substituent, an alkyl
group which may have a substituent or an alkenyl group
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which may have a substituent, provided that Rb* and Rb> may
be mutually bonded to form a ring with the sulfur atom.

Examples of the aryl group for Rb* and Rb> include an
unsubstituted aryl group of 6 to 20 carbon atoms, and a phenyl
group or a naphthyl group is preferable.

As the alkyl group for Rb? and Rb>, a chain-like or cyclic
alkyl group having 1 to 30 carbon atoms is preferable.

The alkenyl group for Rb” and Rb> preferably has 2 to 10
carbon atoms. Specific examples of the substituent for Rb>
and Rb> include an alkyl group, a halogen atom, a haloge-
nated alkyl group, a carbonyl group, a cyano group, an amino
group, an aryl group, an arylthio group and groups repre-
sented by formulae (ca-r-1) to (ca-r-7) described later.

Examples of the arylthio group as the substituent include a
phenylthio group and a biphenylthio group.

When Rb? and Rb? are mutually bonded to form a ring with
the sulfur atom, Rb” and Rb® may be bonded via a hetero atom
such as a sulfur atom, an oxygen atom or a nitrogen atom or
a functional group such as a carbonyl group, —SO—,
—S0,—, —S0O;—, —COO—, —CONH— or —N(R,)—
(R, represents an alkyl group of 1 to 5 carbon atoms).

The ring containing the sulfur atom in the skeleton thereof
is preferably a 3 to 10-membered ring, and most preferably a
5 to 7-membered ring. Specific examples of the ring formed
include a thiophene ring, a thiazole ring, a benzothiophene
ring, a thianthrene ring, a benzothiophene ring, a diben-
zothiophene ring, a 9H-thioxanthene ring, a thioxanthone
ring, a phenoxathiin ring, a tetrahydrothiophenium ring, and
a tetrahydrothiopyranium ring.

Specific examples of the cation moiety of the compound
represented by general formula (m0) are shown below.

[Chemical Formula 7]

S ® S. :
Br ; 1
S ® S ®
&
CF3 ; CoFs
@ ®
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In general formula (m0), X0~ represents a monovalent
counteranion. Examples of the monovalent counteranion
include a sulfonate anion, a carboxylate anion, an imide
anion, a methide anion, a carboanion, a borate anion, a halo-
gen anion, a phosphate anion, an antimonate anion and an
arsenate anion.

For example, the same anions as those defined for the anion
in general formulae (b-1) to (b-3) and (d1-1) to (d1-3)
described later can be mentioned.

In the first resist composition of the present embodiment,
the amount of the compound (m0) is not particularly limited,
and can be appropriately adjusted depending on the desired
properties of the resist composition.

(Second Resist Composition)

A second resist composition of the present embodiment is
a resist composition including a base component (A) which
exhibits changed solubility in a developing solution under
action of acid and an acid generator component (B0) which
generates acid upon exposure, the acid generator component
(BO) preferably including a compound (B0-1) represented by
general formula (b0) shown below.

[Chemical Formula 9]

(b0)
Rb!

® e)

S
X1
Rb?

sz/ ~

In formula (b0), Rb* represents an electron withdrawing
group; Rb® and Rb* each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb* may be mutually bonded to form a ring with the
sulfur atom; and X1~ represents a monovalent counteranion
capable of generating a strong acid.

<Component (A)>

In the present invention, the term “base component” refers
to an organic compound capable of forming a film, and is
preferably an organic compound having a molecular weight
01’500 or more. When the organic compound has a molecular
weight of 500 or more, the film-forming ability is improved,
and a resist pattern of nano level can be easily formed.

The organic compound used as the base component is
broadly classified into non-polymers and polymers.
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In general, as a non-polymer, any of those which have a
molecular weight in the range of 500 to less than 4,000 is
used. Hereafter, a “low molecular weight compound” refers
to a non-polymer having a molecular weight in the range of
500 to less than 4,000.

As a polymer, any of those which have a molecular weight
011,000 or more is generally used. Hereafter, a “resin” refers
to a polymer having a molecular weight of 1,000 or more.

As the molecular weight of the polymer, the weight aver-
age molecular weight in terms of the polystyrene equivalent
value determined by gel permeation chromatography (GPC)
is used.

As the component (A'), a resin, a low molecular weight
compound, or a combination thereof may be used.

The component (A) may be a resin that exhibits increased
solubility in a developing solution under action of acid or a
resin that exhibits decreased solubility in a developing solu-
tion under action of acid.

In the present invention, the component (A) may be a
component that generates acid upon exposure.

In the present invention, the base component (A) prefer-
ably contains a resin component (A1) having a structural unit
(al) containing an acid decomposable group that exhibits
increased polarity by the action of acid, a structural unit (a2)
containing a lactone-containing cyclic group, a carbonate-
containing cyclic group or an —SO,— containing cyclic
group, a structural unit (a3) containing a polar group-contain-
ing aliphatic hydrocarbon group and/or a structural unit (a4)
containing an acid non-dissociable cyclic group.

(Structural Unit (al))

The structural unit (al) is a structural unit containing an
acid decomposable group that exhibits increased polarity by
the action of acid.

The term “acid decomposable group” refers to a group in
which at least a part of the bond within the structure thereof'is
cleaved by the action of an acid.

Examples of acid decomposable groups which exhibit
increased polarity by the action of an acid include groups
which are decomposed by the action of an acid to form a polar
group.

Examples of the polar group include a carboxy group, a
hydroxy group, an amino group and a sulfo group (—SO,H).
Among these, a polar group containing —OH in the structure
thereof (hereafter, referred to as “OH-containing polar
group”) is preferable, a carboxy group or a hydroxy group is
more preferable, and a carboxy group is particularly desir-
able.

More specifically, as an example of an acid decomposable
group, a group in which the aforementioned polar group has
been protected with an acid dissociable group (such as a
group in which the hydrogen atom of the OH-containing
polar group has been protected with an acid dissociable
group) can be given.

The “acid dissociable group” refers to both (i) a group in
which the bond between the acid dissociable group and the
adjacent atom is cleaved by the action of acid; and (ii) a group
in which one of the bonds is cleaved by the action of acid, and
then a decarboxylation reaction occurs, thereby cleaving the
bond between the acid dissociable group and the adjacent
atom.

It is necessary that the acid dissociable group that consti-
tutes the acid decomposable group is a group which exhibits
a lower polarity than the polar group generated by the disso-
ciation of the acid dissociable group. Thus, when the acid
dissociable group is dissociated by the action of acid, a polar
group exhibiting a higher polarity than that of the acid disso-
ciable group is generated, thereby increasing the polarity. As
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a result, the polarity of the entire component (Al) is
increased. By the increase in the polarity, the solubility in an
alkali developing solution changes and, the solubility in an
organic developing solution is relatively decreased.

The acid dissociable group is not particularly limited, and
any of the groups that have been conventionally proposed as
acid dissociable groups for the base resins of chemically
amplified resists can be used.

Examples of the acid dissociable group for protecting the
carboxy group or hydroxy group as a polar group include the
acid dissociable group represented by general formula (al-r-
1) shown below (hereafter, for the sake of convenience, some-
times referred to as “acetal-type acid dissociable group”).

[Chemical Formula 10]

(al-r-1)
Rar‘l

0O—Ra”

Ra2

In the formula, Ra' and Ra'? represents a hydrogen atom or
an alkyl group; and Ra” represents a hydrocarbon group,
provided that Ra' may be bonded to Ra" or Ra™.

In formula (al-r-1), as the lower alkyl group for Ra" and
Ra™, the same lower alkyl groups as those described above
the alkyl groups as the substituent which may be bonded to
the carbon atom on the a-position of the aforementioned
a-substituted alkylester can be used, although a methyl group
orethyl group is preferable, and a methyl group is particularly
desirable.

The hydrocarbon group for Ra™ is preferably an alkyl
group of 1to 20 carbon atoms, more preferably an alkyl group
of'1 to 10 carbon atoms, and still more preferably a linear or
branched alkyl group. Specific examples thereof include a
methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a tert-butyl group,
a pentyl group, an isopentyl group, a neopentyl group, a
1,1-dimethylethyl group, a 1,1-diethylpropyl group, a 2,2-
dimethylpropyl group and a 2,2-dimethylbutyl group.

In the case where Ra" represents a cyclic hydrocarbon
group, the cyclic hydrocarbon group may be aliphatic or
aromatic, and may be polycyclic or monocyclic. As the mono-
cyclic aliphatic hydrocarbon group, a group in which 1 hydro-
gen atom has been removed from a monocycloalkane is pref-
erable. The monocycloalkane preferably has 3 to 8 carbon
atoms, and specific examples thereof include cyclopentane,
cyclohexane and cyclooctane. As the polycyclic group, a
group in which 1 hydrogen atom has been removed from a
polycycloalkane is preferable, and the polycyclic group pref-
erably has 7 to 12 carbon atoms. Examples of the polycycloal-
kane include adamantane, norbornane, isobornane, tricyclo-
decane and tetracyclododecane.

In the case where the hydrocarbon group is an aromatic
hydrocarbon group, examples of the aromatic ring contained
in the aromatic hydrocarbon group include aromatic hydro-
carbon rings, such as benzene, biphenyl, fluorene, naphtha-
lene, anthracene and phenanthrene; and aromatic hetero rings
in which part of the carbon atoms constituting the aforemen-
tioned aromatic hydrocarbon rings has been substituted with
a hetero atom. Examples of the hetero atom within the aro-
matic hetero rings include an oxygen atom, a sulfur atom and
a nitrogen atom.

Specific examples of the aromatic hydrocarbon group
include a group in which 1 hydrogen atom has been removed
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from the aforementioned aromatic hydrocarbon ring (aryl
group); and a group in which 1 hydrogen atom of the afore-
mentioned aryl group has been substituted with an alkylene
group (an arylalkyl group such as a benzyl group, a phenethyl
group, a 1-naphthylmethyl group, a 2-naphthylmethyl group,
a 1-naphthylethyl group or a 2-naphthylethyl group). The
alkylene group (alkyl chain within the arylalkyl group) pret-
erably has 1 to 4 carbon atom, more preferably 1 or 2, and
most preferably 1.

In the case where Ra” is bonded to Ra' or Ra™ to form a
ring, the cyclic group is preferably a 4 to 7-membered ring,
and more preferably a 4 to 6-membered ring. Specific
examples of the cyclic group include tetrahydropyranyl group
and tetrahydrofuranyl group.

Examples of the acid dissociable group for protecting the
carboxy group as a polar group include the acid dissociable
group represented by general formula (al-r-2) shown below
(hereafter, with respect to the acid dissociable group repre-
sented by the following formula (al-r-2), the acid dissociable
group constituted of alkyl groups is referred to as “tertiary
ester-type acid dissociable group™).

[Chemical Formula 11]

(al-r-2)
Rar‘4

Ra'®

R4S

In the formula, Ra™ to Ra'® each independently represents
a hydrocarbon group, provided that Ra'® and Ra'® may be
mutually bonded to form a ring.

As the hydrocarbon group for Ra™ to Ra'®, the same groups
as those described above for Ra” can be mentioned. Ra"™ is
preferably an alkyl group having from 1 to 5 carbon atoms. In
the case where Ra™ and Ra'® are mutually bonded to form a
ring, a group represented by general formula (al-r2-1) shown
below can be mentioned.

On the other hand, in the case where Ra™ to Ra'® are not
mutually bonded and independently represent a hydrocarbon
group, the group represented by general formula (al-r2-2)
shown below can be mentioned.

[Chemical Formula 12]

(al-r2-1)
RarlO

(al-r2-2)
Rar‘ 12

RarlS

Rarl4

In the formulae, Ra"®

represents an alkyl group of 1 to 10
carbon atoms; Ra''* is a group which forms an aliphatic cyclic
group together with a carbon atom having Ra"® bonded
thereto; and Ra'? to Ra'* each independently represents a
hydrocarbon group.

In the formula (al-r2-1), as the alkyl group of 1 to 10
carbon atoms for Ra'°, the same groups as described above

for the linear or branched alkyl group for Ra™ in the formula
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(al-r-1) are preferable. In the formula (al-r2-1), as the ali-
phatic cyclic group which is formed by Ra''!, the same groups
as those described above for the cyclic alkyl group for Ra® in
the formula (al-r-1) are preferable.

In the formula (al-r2-2), it is preferable that Ra™ and Ra'*
each independently represents an alkyl group or 1 to 10 car-
bon atoms, and it is more preferable that the alkyl group is the
same group as the described above for the linear or branched
alkyl group for Ra" in the formula (al-r-1), it is still more
preferable that the alkyl group is a linear alkyl group of 1 to 5
carbon atoms, and it is particularly preferable that the alkyl
group is a methyl group or an ethyl group.

In the formula (al-r2-2), it is preferable that Ra'> is the
same group as described above for the linear, branched or
cyclic alkyl group for Ra' in the formula (al-r-1).

Among these, the same cyclic alkyl group as those describe
above for Ra"” is more preferable.

Specific examples of the formula (al-r2-1) are shown
below. In the formulae shown below, “*” represents a valence

bond.
[Chemical Formula 13]

. (r-pr-m1)

(r-pr-m2)

(r-pr-m3)

. (r-pr-m4)

(r-pr-m5)

. (r-pr-m6)
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-continued
. (r-pr-m7)
rad
. (r-pr-m8)
@
. (r-pr-m9)
oy
. (r-pr-m10)
@%
. (r-pr-m11)
O
. (r-pr-m12)
ﬁﬁ@
. (r-pr-m13)
09
. (r-pr-m14)
hOS
) (r-pr-m15)
Reo
. (r-pr-m16)
. (r-pr-m17)
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(r-pr-s11)

(r-pr-s12)

(r-pr-s13)

(r-pr-s14)

(r-pr-s15)

(r-pr-s16)

(r-pr-s17)

(r-pr-s18)

(r-pr-s19)
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Specific examples of the formula (al-r2-2) are shown —continued
below. ) —
[Chemical Formula 14] 5
« (r-pr-eml) O‘
10 (r-pr-cm8)
:
1 (rprrem?) (r-pr-csl)
25
(r-pr-cs2)
(r-pr-em3) A
30 /g
(r-pr-cs3)
35
(r-pr-cm4)
40
@ * (r-pr-cs4)
(r-pr-cm5) 43 5
« (r-pr-cs5)
55
« (r-pr-cm6) * (r-pr-cl)
60 %\
O (r-pr-c2)
J P
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(r-pr-c3)
. (r-pr-c4)
. (r-pr-c5)

Examples of the acid dissociable group for protecting a
hydroxy group as a polar group include the acid dissociable
group represented by general formula (al-r-3) shown below
(hereafter, referred to as “tertiary alkyloxycarbonyl-type acid
dissociable group”).

[Chemical Formula 15]
. (al-r-3)
0 Ra'’

1,

Ra'®

Ra’®

In the formula, Ra” to Ra' each independently represents
an alkyl group.

In the formula (al-r-3), Ra' to Ra® is preferably an alkyl
group of 1 to 5 carbon atoms, and more preferably an alkyl
group of 1 to 3 carbon atoms.

Further, the total number of carbon atoms within the alkyl
group is preferably 3 to 7, more preferably 3 to 5, and most
preferably 3 or 4.

Examples of the structural unit (al) include a structural
unit derived from an acrylate ester which may have the hydro-
gen atom bonded to the carbon atom on the a-position sub-
stituted with a substituent and contains an acid decomposable
group which exhibits increased polarity by the action of acid;
a structural unit derived from hydroxystyrene or a hydroxy-
styrene derivative in which at least a part of the hydrogen
atom of the hydroxy group is protected with a substituent
containing an acid decomposable group; and a structural unit
derived from vinylbenzoic acid or a vinylbenzoic acid deriva-
tive in which at least a part of the hydrogen atom within
—C(—0)—OH is protected with a substituent containing an
acid decomposable group.

As the structural unit (al), a structural unit derived from an
acrylate ester which may have the hydrogen atom bonded to
the carbon atom on the a-position substituted with a substitu-
ent is preferable.

As the structural unit (al), structural units represented by
general formulae (al-1)to (al-3) shown below are preferable.
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[Chemical Formula 16]
(al-1)

(al-2)

o]
\
RaZ
\_/
4 a2
(al-3)
R
x\éio
o]
\
/7&2
o]
\
Va?
o]
o]
Ra3
%

In the formulae, R represents a hydrogen atom, an alkyl
group of 1 to 5 carbon atoms or a halogenated alkyl group of
1 to 5 carbon atoms; Va' represents a divalent hydrocarbon
group which may have an ether bond, an urethane bond or an
amide bond; n,, represents an integer of 0 to 2;

Ra' represents an acid dissociable group represented by the
aforementioned formula (al-r-1) or (al-r-2);

Wa' represents a hydrocarbon group having a valency of
n,,+1; n,, represents an integer of 1 to 3;

Ra? represents an acid dissociable group represented by the
aforementioned formula (al-r-1) or (al-r-3);

Wa® represents a hydrocarbon group having a valency of
n,;+1; n; represents an integer of 1 to 3;

Va® represents a divalent hydrocarbon group which may
have an ether bond, an urethane bond or an amide bond;

and Ra® represents an acid dissociable group represented
by the aforementioned formula (al-r-1) or (al-r-2).

In general formulae (al-1)to (al-3), as the alkyl group of 1
to 5 carbon atoms for R, a linear or branched alkyl group of 1
to 5 carbon atoms is preferable, and specific examples thereof
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include a methyl group, an ethyl group, a propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a tert-
butyl group, a pentyl group, an isopentyl group and a neopen-
tyl group. The halogenated alkyl group of 1 to 5 carbon atoms
represented by R is a group in which part or all of the hydro-
gen atoms of the aforementioned alkyl group of 1 to 5 carbon
atoms have been substituted with halogen atoms. Examples
of'the halogen atom include a fluorine atom, a chlorine atom,
a bromine atom and an iodine atom, and a fluorine atom is
particularly desirable.

As R, a hydrogen atom, an alkyl group of 1 to 5 carbon
atoms or a fluorinated alkyl group of 1 to 5 carbon atoms is
preferable, and a hydrogen atom or a methyl group is particu-
larly desirable in terms of industrial availability.

In general formula (al-1), the hydrocarbon group for Va'
may be either an aliphatic hydrocarbon group or an aromatic
hydrocarbon group. An “aliphatic hydrocarbon group” refers
to a hydrocarbon group that has no aromaticity. The aliphatic
hydrocarbon group as the divalent hydrocarbon group for Va*
may be either saturated or unsaturated. In general, the ali-
phatic hydrocarbon group is preferably saturated.

As specific examples of the aliphatic hydrocarbon group, a
linear or branched aliphatic hydrocarbon group, and an ali-
phatic hydrocarbon group containing a ring in the structure
thereof can be given.

Further, as the group for Va', a group in which the afore-
mentioned divalent hydrocarbon group has been bonded via
an ether bond, urethane bond or amide bond can be men-
tioned.

The linear or branched aliphatic hydrocarbon group pret-
erably has 1 to 10 carbon atoms, more preferably 1 to 6, still
more preferably 1 to 4, and most preferably 1 to 3.

As the linear aliphatic hydrocarbon group, a linear alkylene
group is preferable. Specific examples thereof include a
methylene group [—CH,—], an ethylene group
[—(CH,),—], a trimethylene group [—(CH,);—], a tetram-
ethylene group [—(CH,),—| and a pentamethylene group
[—(CH,)s—1-

As the branched aliphatic hydrocarbon group, branched
alkylene groups are preferred, and specific examples include
various alkylalkylene groups, including alkylmethylene
groups such as —CH(CH,;)—, —CH(CH,CH,)—,
—C(CHy),—, ~ —C(CH)(CH,CH,—,  —C(CH,)
(CH,CH,CH;)—, and —C(CH,CH;),—; alkylethylene
groups such as —CH(CH;)CH,—, —CH(CH;)CH(CH;)—,
—C(CH,;),CH,—, —CH(CH,CH,)CH,—, and
—C(CH,CH,;),—CH,—; alkyltrimethylene groups such as
—CH(CH,)CH,CH,—, and —CH,CH(CH;)CH,—; and
alkyltetramethylene  groups such as —CH(CH;)
CH,CH,CH,—, and —CH,CH(CH;)CH,CH,—. As the
alkyl group within the alkylalkylene group, a linear alkyl
group of 1 to 5 carbon atoms is preferable.

As examples of the hydrocarbon group containing aring in
the structure thereof, an alicyclic hydrocarbon group (a group
in which two hydrogen atoms have been removed from an
aliphatic hydrocarbon ring), a group in which the alicyclic
hydrocarbon group is bonded to the terminal of the aforemen-
tioned chain-like aliphatic hydrocarbon group, and a group in
which the alicyclic group is interposed within the aforemen-
tioned linear or branched aliphatic hydrocarbon group, can be
given. As the linear or branched aliphatic hydrocarbon group,
the same groups as those described above can be used.

The alicyclic hydrocarbon group preferably has 3 to 20
carbon atoms, and more preferably 3 to 12 carbon atoms.

The alicyclic hydrocarbon group may be either a monocy-
clic group or a polycyclic group. As the monocyclic aliphatic
hydrocarbon group, a group in which 2 hydrogen atoms have
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been removed from a monocycloalkane is preferable. The
monocycloalkane preferably has 3 to 6 carbon atoms, and
specific examples thereof include cyclopentane and cyclo-
hexane. As the polycyclic group, a group in which two hydro-
gen atoms have been removed from a polycycloalkane is
preferable, and the polycyclic group preferably has 7 to 12
carbon atoms. Examples of the polycycloalkane include ada-
mantane, norbornane, isobornane, tricyclodecane and tetra-
cyclododecane.

The aromatic hydrocarbon group is a hydrocarbon group
having an aromatic ring.

The aromatic hydrocarbon group as the divalent hydrocar-
bon group for Va' preferably has 3 to 30 carbon atoms, more
preferably 5 to 30, still more preferably 5 to 20, still more
preferably 6 to 15, and most preferably 6 to 10. Here, the
number of carbon atoms within a substituent(s) is not
included in the number of carbon atoms of the aromatic
hydrocarbon group.

Examples of the aromatic ring contained in the aromatic
hydrocarbon group include aromatic hydrocarbon rings, such
as benzene, biphenyl, fluorene, naphthalene, anthracene and
phenanthrene; and aromatic hetero rings in which part of the
carbon atoms constituting the aforementioned aromatic
hydrocarbon rings has been substituted with a hetero atom.
Examples of the hetero atom within the aromatic hetero rings
include an oxygen atom, a sulfur atom and a nitrogen atom.

Specific examples of the aromatic hydrocarbon group
include a group in which two hydrogen atoms have been
removed from the aforementioned aromatic hydrocarbon ring
(arylene group); and a group in which one hydrogen atom has
been removed from the aforementioned aromatic hydrocar-
bon ring (aryl group) and one hydrogen atom has been sub-
stituted with an alkylene group (such as a benzyl group, a
phenethyl group, a 1-naphthylmethyl group, a 2-naphthylm-
ethyl group, a 1-naphthylethyl group, or a 2-naphthylethyl
group). The alkylene group (alkyl chain within the arylalkyl
group) preferably has 1 to 4 carbon atom, more preferably 1
or 2, and most preferably 1.

In the aforementioned formula (al-2), the hydrocarbon
group for Wa' having a valency of n_,+1 may be either an
aliphatic hydrocarbon group or an aromatic hydrocarbon
group. The aliphatic cyclic group refers to a hydrocarbon
group that has no aromaticity, and may be either saturated or
unsaturated, but is preferably saturated. Examples of the ali-
phatic hydrocarbon group include a linear or branched ali-
phatic hydrocarbon group, an aliphatic hydrocarbon group
containing a ring in the structure thereof, and a combination
of'the linear or branched aliphatic hydrocarbon group and the
aliphatic hydrocarbon group containing a ring in the structure
thereof. As the specific examples thereof, the same groups as
those described above for Va' in the aforementioned formula
(al-1) can be mentioned.

The valency of n,,+1 is preferably divalent, trivalent or
tetravalent, and divalent or trivalent is more preferable.

In the aforementioned formula (al-3), the hydrocarbon
group for Wa® having a valency of n_,+1 may be either an
aliphatic hydrocarbon group or an aromatic hydrocarbon
group. The aliphatic cyclic group refers to a hydrocarbon
group that has no aromaticity, and may be either saturated or
unsaturated, but is preferably saturated. Examples of the ali-
phatic hydrocarbon group include a linear or branched ali-
phatic hydrocarbon group, an aliphatic hydrocarbon group
containing a ring in the structure thereof, and a combination
of'the linear or branched aliphatic hydrocarbon group and the
aliphatic hydrocarbon group containing a ring in the structure
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thereof. As the specific examples thereof, the same groups as
those described above for Va' in the aforementioned formula
(al-1) can be mentioned.

The valency of n,;+1 is preferably divalent, trivalent or
tetravalent, and divalent or trivalent is more preferable.

In formula (al-3), examples of Va® are the same as defined
for the groups for Va' in formula (al-1).

As the structural unit (al-2), a structural unit represented
by general formula (al-2-01) shown below is particularly
desirable.

[Chemical Formula 17]

H R
b

C
O¢ \O
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In the formula (al-2-01), Ra® represents an acid disso-
ciable group represented by the aforementioned formula (al-
r-1) or (al-r-3); n,, is an integer of 1 to 3, preferably 1 or 2,
and more preferably 1; c is an integer of 0 to 3, preferably 0 or
1, and more preferably 1; R is the same as defined above.

Specific examples of the structural units (al-1) and (al-2)
are shown below. In the formulae shown below, R represents
a hydrogen atom, a methyl group or a trifluoromethyl group.

a2

fo) O
fo) O

~
S A
g ok
: )

3 ek

5

10

15

20

25

30

35

40

45

50

55

60

28

-continued

- Et

/(’\gi /f\gio
R(X
o}
[Chemical Formula 19]
R R
/t\éo /f\io
o}

Yoo )

sNeNe

R®

e}



US 9,244,347 B2

30

continued
R(X
<§;;éE;/
R(X
(@]

29

continued
R(X
i>
[:£%§]
R(X

R®
(6]

e} e}

R®
R®

(@]
(@]
(@]
§O<
R(X
/(/\éi )
(@]

R®
O>
i\o
R®

R®

O>
%
R®

30

35

40

[Chemeial Formula 20]

45

50

55

60

65



US 9,244,347 B2

32
-continued

31
-continued

[Chemical Formula 22]
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Inthe component (A), the amount of the structural unit (al)
based on the combined total of all structural units constituting
the component (A) is preferably 20 to 80 mol %, more pref-
erably 20 to 75 mol %, and still more preferably 25 to 70 mol
%. By ensuring the lower limit, various lithography proper-
ties such as sensitivity, resolution and LWR are improved. On
the other hand, when the amount of the structural unit (al) is
no more than the upper limit of the above-mentioned range, a
good balance can be achieved with the other structural units.

(Structural Unit (a2))

The structural unit (a2) is a structural unit containing a
lactone-containing cyclic group, a carbonate-containing
cyclic group or an —SO,— containing cyclic group.

When the component (A1) is used for forming a resist film,
the structural unit (a2) containing a lactone-containing cyclic
group or a carbonate-containing cyclic group is effective in
improving the adhesion between the resist film and the sub-
strate.

The aforementioned structural unit (al) which contains a
lactone-containing cyclic group or a carbonate-containing
cyclic group falls under the definition of the structural unit
(a2); however, such a structural unit is regarded as a structural
unit (al), and does not fall under the definition of the struc-
tural unit (a2).

When the component (A1) is used for forming a resist film,
the structural unit (a2) containing an —SO,— containing
cyclic group is effective in improving the adhesion between
the resist film and the substrate.

The aforementioned structural unit (al) which contains an
—S0O,— containing cyclic group falls under the definition of
the structural unit (a2); however, such a structural unit is
regarded as a structural unit (al), and does not fall under the
definition of the structural unit (a2).

The structural unit (a2) is preferably a structural unit rep-
resented by general formula (a2-1) shown below.

[Chemical Formula 23]

(a2-1)
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In the formula, R represents a hydrogen atom, an alkyl
group of 1 to 5 carbon atoms, a halogenated alkyl group of 1
to 5 carbon atoms, a hydroxyalkyl group, an alkoxy group;
Ya*! represents a single bond or a divalent linking group; La*
represents —O—, —COO— or —OCO—; and R’ represents
a hydrogen atom or a methyl group, provided that, when La**
represents —O—, Ya®'! does not represents —CO—; and
Ra®! represents a lactone-containing cyclic group, a carbon-
ate-containing cyclic group or an —SO,— containing cyclic
group.

The divalent linking group for Ya** is not particularly lim-
ited, and preferable examples thereof include a divalent
hydrocarbon group which may have a substituent and a diva-
lent linking group containing a hetero atom.

(Divalent Hydrocarbon Group which May have a Substitu-
ent)

The hydrocarbon group as a divalent linking group may be
either an aliphatic hydrocarbon group or an aromatic hydro-
carbon group.

An “aliphatic hydrocarbon group” refers to a hydrocarbon
group that has no aromaticity. The aliphatic hydrocarbon
group may be saturated or unsaturated. In general, the ali-
phatic hydrocarbon group is preferably saturated.

Examples of the aliphatic hydrocarbon group include a
linear or branched aliphatic hydrocarbon group, and an ali-
phatic hydrocarbon group containing a ring in the structure
thereof. Specifically, groups exemplified above for Va' in the
aforementioned formula (al-1) ca be mentioned.

The linear or branched aliphatic hydrocarbon group may or
may not have a substituent. Examples of the substituent
include a fluorine atom, a fluorinated alkyl group of 1 to 5
carbon atoms, and a carbonyl group.

As examples of the hydrocarbon group containing aring in
the structure thereof, a cyclic aliphatic hydrocarbon group
containing a hetero atom in the ring structure thereof and may
have a substituent (a group in which two hydrogen atoms have
been removed from an aliphatic hydrocarbon ring), a group in
which the cyclic aliphatic hydrocarbon group is bonded to the
terminal of the aforementioned chain-like aliphatic hydrocar-
bon group, and a group in which the cyclic aliphatic group is
interposed within the aforementioned linear or branched ali-
phatic hydrocarbon group, can be given. As the linear or
branched aliphatic hydrocarbon group, the same groups as
those described above can be used.

The cyclic aliphatic hydrocarbon group preferably has 3 to
20 carbon atoms, and more preferably 3 to 12 carbon atoms.

Specific examples of the cyclic aliphatic hydrocarbon
group include the same group as exemplified above for Va' in
the aforementioned formula (al-1).

The cyclic aliphatic hydrocarbon group may or may not
have a substituent. Examples of the substituent include an
alkyl group, an alkoxy group, a halogen atom, a halogenated
alkyl group, a hydroxyl group and a carbonyl group.

The alkyl group as the substituent is preferably an alkyl
group of 1 to 5 carbon atoms, and a methyl group, an ethyl
group, a propyl group, an n-butyl group or a tert-butyl group
is particularly desirable.

The alkoxy group as the substituent is preferably an alkoxy
group having 1 to 5 carbon atoms, more preferably a methoxy
group, ethoxy group, n-propoxy group, iso-propoxy group,
n-butoxy group or tert-butoxy group, and most preferably a
methoxy group or an ethoxy group.

Examples of the halogen atom for the substituent include a
fluorine atom, a chlorine atom, a bromine atom and an iodine
atom, and a fluorine atom is preferable.

Examples of the halogenated alkyl group for the substitu-
ent include groups in which part or all of the hydrogen atoms
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within the aforementioned alkyl groups has been substituted
with the aforementioned halogen atoms.

The cyclic aliphatic hydrocarbon group may have part of
the carbon atoms constituting the ring structure thereof sub-
stituted with a substituent containing a hetero atom. As the
substituent containing a hetero atom, —O—, —C(—0)—
O—,—S—,—8(=0),—or—S(—0),—0O—is preferable.

Specific examples of the aromatic hydrocarbon group as a
divalent hydrocarbon group include the same group as exem-
plified above for Va' in the aforementioned formula (al-1).

With respect to the aromatic hydrocarbon group, the hydro-
gen atom within the aromatic hydrocarbon group may be
substituted with a substituent. For example, the hydrogen
atom bonded to the aromatic ring within the aromatic hydro-
carbon group may be substituted with a substituent. Examples
of substituents include an alkyl group, an alkoxy group, a
halogen atom, a halogenated alkyl group, and a hydroxyl
group.

The alkyl group as the substituent is preferably an alkyl
group of 1 to 5 carbon atoms, and a methyl group, an ethyl
group, a propyl group, an n-butyl group or a tert-butyl group
is particularly desirable.

As the alkoxy group, the halogen atom and the halogenated
alkyl group for the substituent, the same groups as the afore-
mentioned substituent groups for substituting a hydrogen
atom within the cyclic aliphatic hydrocarbon group can be
used.

(Divalent Linking Group Containing a Hetero Atom)

With respect to a divalent linking group containing a hetero
atom, a hetero atom is an atom other than carbon and hydro-
gen, and examples thereof include an oxygen atom, a nitrogen
atom, a sulfur atom and a halogen atom.

In the case where Ya*' represents a divalent linking group
containing a hetero atom, preferable examples of the linking
group include —O—, —C(—0)—0— —C(=0)—,
—O0—C(—=0)—0—, —C(—=0)—NH—, —NH—,
—NH—C(—NH)— (wherein H may be substituted with a
substituent such as an alkyl group or an acyl group), —S—,
—S(=—0),—, —S(—0),—0—, a group represented by gen-
eral formula —Y*'-—O—Y**—, —Y*'0— —Y*—
C(=0)—0—, —C(=0)—0—Y?, —[Y*C(=0)—
0],,—Y**—or —Y*' —0—C(=0)—Y**— [in the formu-
lae, Y*! and Y*? each independently represents a divalent
hydrocarbon group which may have a substituent, and O
represents an oxygen atom; and m' represents an integer of 0
to 3.

The divalent linking group containing a hetero atom rep-
resents —C(—0O)—NH—, —NH—, or —NH—C
(=NH)—, H may be substituted with a substituent such as an
alkyl group, an acyl group or the like. The substituent (an
alkyl group, an acyl group or the like) preferably has 1 to 10
carbon atoms, more preferably 1 to 8, and most preferably 1
to 5.

In formulae —Y*'—O—Y** —Y* 00— —Y*
C(=0)—0—  —C(=0)—O0—Y*[Y*C(=0)—
0],,—Y*—and —Y*—O—C(=0)—Y>*—,Y*' and Y**
each independently represents a divalent hydrocarbon group
which may have a substituent. Examples of the divalent
hydrocarbon group include the same groups as those
described above as the “divalent hydrocarbon group which
may have a substituent” in the explanation of the aforemen-
tioned divalent linking group.

AsY?', alinear aliphatic hydrocarbon group is preferable,
more preferably a linear alkylene group, still more preferably
a linear alkylene group of 1 to 5 carbon atoms, and a meth-
ylene group or an ethylene group is particularly desirable.
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AsY?? alinear or branched aliphatic hydrocarbon group is
preferable, and a methylene group, an ethylene group or an
alkylmethylene group is more preferable. The alkyl group
within the alkylmethylene group is preferably a linear alkyl
group of 1 to 5 carbon atoms, more preferably a linear alkyl
group of 1 to 3 carbon atoms, and most preferably a methyl
group.

In the group represented by the formula —[Y*'—C
(=0)—0],,—Y**—, m' represents an integer of 0 to 3,
preferably an integer of 0 to 2, more preferably 0 or 1, and
most preferably 1. Namely, it is particularly desirable that the
group represented by the formula —[Y*'—C(=0)—0],,,—
Y**— is a group represented by the formula —Y*'—C
(=0)—0—Y**—. Among these, a group represented by the
formula —(CH,),—C(=—0)—0—(CH,),— is preferable.
Inthe formula, a'is an integer of 1 to 10, preferably an integer
of 1 to 8, more preferably an integer of 1 to 5, still more
preferably 1 or 2, and most preferably 1. b' is an integer of 1
to 10, preferably an integer of 1 to 8, more preferably an
integer of 1 to 5, still more preferably 1 or 2, and most
preferably 1.

In the present invention, Ya*! preferably represents an ester
bond [—C(—0)—O0-], an ether bond (—O—), a linear or
branched alkylene group, a combination of these, or a single
bond.

In formula (a2-1), Ra®' represents a lactone-containing
cyclic group, a carbonate-containing cyclic group or an
—SO,— containing cyclic group.

The term “lactone-containing cyclic group” refers to a
cyclic group including a ring containing a —O—C(—0)—
structure (lactone ring). The term “lactone ring” refers to a
single ring containing a —O—C(O)— structure, and this ring
is counted as the first ring. A lactone-containing cyclic group
in which the only ring structure is the lactone ring is referred
to as a monocyclic group, and groups containing other ring
structures are described as polycyclic groups regardless of the
structure of the other rings. The lactone-containing cyclic
group may be either a monocyclic group or a polycyclic
group.

As the lactone-containing cyclic group, there is no particu-
lar limitation, and an arbitrary group may be used.

Specific examples include groups represented by general
formulas (a2-r-1) to (a2-r-7) shown below. Hereinbelow, “*”
represents a valence bond.

[Chemical Formula 24]
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In the formulae, each Ra*' independently represents a

hydrogen atom, an alkyl group, an alkoxy group, a halogen
atom, a halogenated alkyl group, a hydroxy group,
—COOR", —OC(—0)R", a hydroxyalkyl group or a cyano
group; R" represents a hydrogen atom or an alkyl group; A"
represents an oxygen atom, a sulfur atom or an alkylene group
of'1to 5 carbon atoms which may contain an oxygen atom or
a sulfur atom; n' represents an integer of 0 to 2; and m'
represents O or 1.

In general formulae (a2-r-1) to (a2-r-7) above, A" repre-
sents an oxygen atom (—O—), a sulfur atom (—S—) or an
alkylene group of 1 to 5 carbon atoms which may contain an
oxygen atom or a sulfur atom. As the alkylene group of 1 to 5
carbon atoms for A", a linear or branched alkylene group is
preferable, and examples thereof include a methylene group,
an ethylene group, an n-propylene group and an isopropylene
group.

Examples of alkylene groups that contain an oxygen atom
or a sulfur atom include the aforementioned alkylene groups
in which —O— or —S— is bonded to the terminal of the
alkylene group or present between the carbon atoms of the
alkylene group. Specific examples of such alkylene groups
includle —O—CH,—, —CH,—0O—CH,—, —S—CH,—
and —CH,—S—CH,—. As A", an alkylene group of 1 to 5
carbon atoms or —O— is preferable, more preferably an
alkylene group of 1 to 5 carbon atoms, and most preferably a
methylene group.
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In formulae (a2-r-1) to (a2-r-7), the alkyl group for Ra'*' is
preferably an alkyl group of 1 to 6 carbon atoms. Further, the
alkyl group is preferably a linear alkyl group or a branched
alkyl group. Specific examples include a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a tert-butyl group, a pentyl group,
an isopentyl group, a neopentyl group and a hexyl group.
Amongthese, a methyl group or ethyl group is preferable, and
a methyl group is particularly desirable.

The alkoxy group for Ra™" is preferably an alkoxy group of
1 to 6 carbon atoms.

Further, the alkoxy group is preferably a linear or branched
alkoxy group. Specific examples of the alkoxy groups include
the aforementioned alkyl groups for Ra™! having an oxygen
atom (—O—) bonded thereto.

As examples ofthe halogen atom for Ra'*", a fluorine atom,
chlorine atom, bromine atom and iodine atom can be given.
Among these, a fluorine atom is preferable.

Examples of the halogenated alkyl group for Ra'** include
groups in which part or all of the hydrogen atoms within the
aforementioned alkyl group for Ra”*' has been substituted
with the aforementioned halogen atoms. As the halogenated
alkyl group, a fluorinated alkyl group is preferable, and a
perfluoroalkyl group is particularly desirable.

With respect to —COOR" and —OC(—0)R" for Ra*!, R"
represents a hydrogen atom, an alkyl group, a lactone-con-
taining cyclic group, a carbonate-containing cyclic group or
an —SO,— containing cyclic group.

The alkyl group for R" may be linear, branched or cyclic,
and preferably has 1 to 15 carbon atoms.

When R" represents a linear or branched alkyl group, it is
preferably an alkyl group of 1 to 10 carbon atoms, more
preferably an alkyl group of 1 to 5 carbon atoms, and most
preferably a methyl group or an ethyl group.

When R" is a cyclic alkyl group (cycloalkyl group), it
preferably has 3 to 15 carbon atoms, more preferably 4 to 12
carbon atoms, and most preferably 5 to 10 carbon atoms.
Specific examples include groups in which one or more
hydrogen atoms have been removed from a monocycloalkane
or a polycycloalkane such as a bicycloalkane, tricycloalkane
or tetracycloalkane which may or may not be substituted with
a fluorine atom or a fluorinated alkyl group. Specific
examples include groups in which one or more hydrogen
atoms have been removed from a monocycloalkane such as
cyclopentane or cyclohexane; and groups in which one or
more hydrogen atoms have been removed from a polycycloal-
kane such as adamantane, norbornane, isobornane, tricyclo-
decane or tetracyclododecane.

Examples of the lactone-containing cyclic group for R"
include groups represented by the aforementioned general
formulae (a2-r-1) to (a2-r-7).

The carbonate-containing cyclic group for R" is the same
as defined for the carbonate-containing cyclic group
described later. Specific examples of the carbonate-contain-
ing cyclic group include groups represented by general for-
mulae (ax3-r-1) to (ax3-r-3).

The —SO,— containing cyclic group for R" is the same as
defined for the —SO,— containing cyclic group described
later. Specific examples of the —SO,— containing cyclic
group include groups represented by general formulae (a5-r-
1) to (a5-r-4).

The hydroxyalkyl group for Ra”' preferably has 1 to 6
carbon atoms, and specific examples thereof include the alkyl
groups for Ra™" in which at least one hydrogen atom has been
substituted with a hydroxy group.
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In formulae (a2-r-2), (a2-r-3) and (a2-r-5), as the alkylene
group of 1 to 5 carbon atoms represented by A", a linear or
branched alkylene group is preferable, and examples thereof
include a methylene group, an ethylene group, an n-propy-
lene group and an isopropylene group. Examples of alkylene
groups that contain an oxygen atom or a sulfur atom include
the aforementioned alkylene groups in which —O— or
—S— is bonded to the terminal of the alkylene group or
present between the carbon atoms of the alkylene group.
Specific examples of such alkylene groups include
—0O—CH,—, —CH,—0O—CH,—, —S—CH,— and
—CH,—S—CH,—. As A", an alkylene group of 1 to 5
carbon atoms or —O— is preferable, more preferably an
alkylene group of 1 to 5 carbon atoms, and most preferably a
methylene group.

Specific examples of the groups represented by the afore-
mentioned general formulae (a2-r-1) to (a2-r-7) are shown
below.

[Chemical Formula 25]
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An “—S0O,— containing cyclic group” refers to a cyclic
group having aring containing —SO,— within the ring struc-
ture thereof, i.e., a cyclic group in which the sulfur atom (S)
within —SO,— forms part of the ring skeleton of the cyclic
group. The ring containing —SO,— within the ring skeleton
thereofis counted as the first ring. A cyclic group in which the
only ring structure is the ring that contains —SO,— in the
ring skeleton thereof'is referred to as a monocyclic group, and
a group containing other ring structures is described as a
polycyclic group regardless of the structure of the other rings.
The —SO,— containing cyclic group may be either a mono-
cyclic group or a polycyclic group.

As the —SO,— containing cyclic group for the cyclic
hydrocarbon group represented by R*, a cyclic group contain-
ing —O—SO0,— within the ring skeleton thereof, ie., a
cyclic group containing a sultone ring in which —O—S—
within the —O—SO,— group forms part of the ring skeleton
thereof is particularly desirable. Specific examples of the
—S0O,— containing cyclic group include groups represented
by general formulae (a5-r-1) to (a5-r-4) shown below.

[Chemical Formula 26]

(a5-r-1)

(a5-1-2)

(a5-r-3)

(a5-r-4)

In the formulae, each Ra”' independently represents a

hydrogen atom, an alkyl group, an alkoxy group, a halogen
atom, a halogenated alkyl group, a hydroxy group,
—COOR", —OC(—O0)R", a hydroxyalkyl group or a cyano
group; R" represents a hydrogen atom or an alkyl group; A"
represents an oxygen atom, a sulfur atom or an alkylene group
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of'1to 5 carbon atoms which may contain an oxygen atom or
a sulfur atom; and n' represents an integer of O to 2.

In general formulae (a5-r-1) to (a5-r-4), A" is the same as
defined for A" in general formulae (a2-r-1) to (a2-r-7). The
alkyl group, alkoxy group, halogen atom, halogenated alkyl
group, —COOR", —OC(—O)R" and hydroxyalkyl group
for Ra™"! are the same as defined for Ra™' in the aforemen-
tioned general formulae (a2-r-1) to (a2-r-7).

Specific examples of the groups represented by the afore-
mentioned general formulas (a5-r-1) to (a5-r-4) are shown
below. In the formulae shown below, “Ac” represents an

acetyl group.

[Chemical Formula 27]
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As the —SO,— containing cyclic group, a group repre-
sented by the aforementioned general formula (a5-r-1) is
preferable, at least one member selected from the group con-
sisting of groups represented by the aforementioned chemical
formulas (r-sl-1-1), (r-sl-1-18), (r-sl-3-1) and (r-sl-4-1) is
more preferable, and a group represented by chemical for-
mula (r-sl-1-1) is most preferable.

The term “carbonate-containing cyclic group” refers to a
cyclic group including a ring containing a —O—C(—0)—
O— structure (carbonate ring). The term “carbonate ring”
refers to a single ring containing a —O—C(—0)—0—
structure, and this ring is counted as the first ring. A carbon-
ate-containing cyclic group in which the only ring structure is
the carbonate ring is referred to as a monocyclic group, and
groups containing other ring structures are described as poly-
cyclic groups regardless of the structure of the other rings.
The carbonate-containing cyclic group may be either a mono-
cyclic group or a polycyclic group.

The carbonate-containing cyclic group as the cyclic hydro-
carbon group for R! is not particularly limited, and an arbi-
trary group may be used. Specific examples include groups
represented by general formulas (ax3-r-1) to (ax3-r-3) shown
below.

[Chemical Formula 30]

*j )q'
4CHy),
Ra®3 % \O
O
/\<
Rarx3l

6}

*
\j )q'

Ra"m\l

Ra™1- T — A"

(ax3-r-1)

(ax3-1-2)

(ax3-1-3)

RarxSl/ A"

Ra™31=T__ A7
O
"~
O
1x31

In the formulae, each Ra”™"" independently represents a
hydrogen atom, an alkyl group, an alkoxy group, a halogen
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atom, a halogenated alkyl group, a hydroxy group,
—COOR", —OC(—0)R", a hydroxyalkyl group or a cyano
group; R" represents a hydrogen atom or an alkyl group; A"
represents an oxygen atom, a sulfur atom or an alkylene group
of'1to 5 carbon atoms which may contain an oxygen atom or
a sulfur atom; p' represents an integer of 0 to 3; and q' repre-
sents 0 or 1.

In general formulae (ax3-r-1) to (ax3-r-3), A" is the same as
defined for A" in general formula (a2-r-1).

Examples of the alkyl group, alkoxy group, halogen atom,
halogenated alkyl group, —COOR", —OC(—O)R" and
hydroxyalkyl group for Ra™! include the same groups as
those described above in the explanation of Ra'*! in the gen-
eral formulas (a2-r-1) to (a2-r-7).

Specific examples of the groups represented by the afore-
mentioned general formulae (ax3-r-1) to (ax3-r-3) are shown
below.

[Chemical Formula 31]
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Among the above examples, a lactone-containing cyclic
group or an —SO,— containing cyclic group is preferable, a
group represented by the general formula (a2-r-1), (a2-r-2) or
(a5-r-1) is more preferable, and a group represented by any
one of the chemical formulae (r-lc-1-1) to (r-lc-1-7), (r-lc-2-
1) to (r-lc-2-13), (r-sl-1-1) and (r-sl-1-18) is still more pret-
erable.

As the structural unit (a2) contained in the component
(Al), 1 type of structural unit may be used, or 2 or more types
may be used.

When the component (A1) contains the structural unit (a2),
the amount of the structural unit (a2) based on the combined
total of all structural units constituting the component (A1) is
preferably 1 to 80 mol %, more preferably 5 to 70 mol %, still
more preferably 10to 65 mol %, and most preferably 10 to 60
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mol %. When the amount of the structural unit (a2) is at least
as large as the lower limit of the above-mentioned range, the
effect of using the structural unit (a2) can be satisfactorily
achieved. On the other hand, when the amount of the struc-
tural unit (a2) is no more than the upper limit of the above-
mentioned range, a good balance can be achieved with the
other structural units, and various lithography properties such
as DOF and CDU and pattern shape can be improved.

(Structural Unit (a3))

The structural unit (a3) is a structural unit containing a
polar group-containing aliphatic hydrocarbon group (pro-
vided that the structural units that fall under the definition of
structural units (al) and (a2) are excluded).

When the component (A1) includes the structural unit (a3),
it is presumed that the hydrophilicity of the component (A1)
is enhanced, thereby contributing to improvement in resolu-
tion.

Examples of the polar group include a hydroxyl group,
cyano group, carboxyl group, or hydroxyalkyl group in which
part of the hydrogen atoms of the alkyl group have been
substituted with fluorine atoms, although a hydroxyl group is
particularly desirable.

Examples of the aliphatic hydrocarbon group include lin-
ear or branched hydrocarbon groups (preferably alkylene
groups) of 1 to 10 carbon atoms, and cyclic aliphatic hydro-
carbon groups (cyclic groups). These cyclic groups can be
selected appropriately from the multitude of groups that have
been proposed for the resins of resist compositions designed
for use with ArF excimer lasers. The cyclic group is prefer-
ably a polycyclic group, more preferably a polycyclic group
of 7 to 30 carbon atoms.

Ofthe various possibilities, structural units derived from an
acrylate ester that include an aliphatic polycyclic group that
contains a hydroxyl group, cyano group, carboxyl group or a
hydroxyalkyl group in which part of the hydrogen atoms of
the alkyl group have been substituted with fluorine atoms are
particularly desirable. Examples of the polycyclic group
include groups in which two or more hydrogen atoms have
been removed from a bicycloalkane, tricycloalkane, tetracy-
cloalkane or the like. Specific examples include groups in
which two or more hydrogen atoms have been removed from
a polycycloalkane such as adamantane, norbornane, isobor-
nane, tricyclodecane or tetracyclododecane. Of these polycy-
clic groups, groups in which two or more hydrogen atoms
have been removed from adamantane, norbornane or tetracy-
clododecane are preferred industrially.

As the structural unit (a3), there is no particular limitation
as long as it is a structural unit containing a polar group-
containing aliphatic hydrocarbon group, and an arbitrary
structural unit may be used.

The structural unit (a3) is preferably a structural unit
derived from an acrylate ester which may have the hydrogen
atom bonded to the carbon atom on the c-position substituted
with a substituent and contains a polar group-containing ali-
phatic hydrocarbon group.

When the aliphatic hydrocarbon group within the polar
group-containing aliphatic hydrocarbon group is a linear or
branched hydrocarbon group of 1 to 10 carbon atoms, the
structural unit (a3) is preferably a structural unit derived from
a hydroxyethyl ester of acrylic acid. On the other hand, when
the hydrocarbon group is a polycyclic group, structural units
represented by formulas (a3-1), (a3-2) and (a3-3) shown
below are preferable.
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[Chemical Formula 32]

Ly
C\C/
i

0% o

@@H%

(a3-1)

(a3-2)
JENE
C
5
C
O/ \O
3 2
4 1
5 \ 6
(CN)
(a3-3)

Fas+1Cs

OH ¢

In the formulas, R is the same as defined above; j is an
integer of 1 to 3; k is an integer of 1 to 3; t' is an integer of 1
to 3; 1 is an integer of 1 to 5; and s is an integer of 1 to 3.

In formula (a3-1), j is preferably 1 or 2, and more prefer-
ably 1. When j is 2, itis preferable that the hydroxyl groups be
bonded to the 3rd and 5th positions of the adamantyl group.
Whenjis 1, it is preferable that the hydroxyl group be bonded
to the 3rd position of the adamantyl group.

j is preferably 1, and it is particularly desirable that the
hydroxyl group be bonded to the 3rd position of the adaman-
tyl group.

In formula (a3-2), k is preferably 1. The cyano group is
preferably bonded to the 5th or 6th position of the norbomyl
group.

In formula (a3-3), t' is preferably 1.1 is preferably 1. s is
preferably 1. Further, it is preferable that a 2-norbomyl group
or 3-norbornyl group be bonded to the terminal of the carboxy
group of the acrylic acid. The fluorinated alkyl alcohol is
preferably bonded to the 5th or 6th position of the norbomyl
group.

As the structural unit (a3) contained in the component
(Al), 1 type of structural unit may be used, or 2 or more types
may be used.

The amount of the structural unit (a3) within the compo-
nent (A1) based on the combined total of all structural units
constituting the component (A1) is preferably 5 to 50 mol %,
more preferably 5 to 40 mol %, and still more preferably 5 to
25 mol %.
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When the amount of the structural unit (a3) is at least as
large as the lower limit of the above-mentioned range, the
effect of using the structural unit (a3) can be satisfactorily
achieved. On the other hand, when the amount of the struc-
tural unit (a3) is no more than the upper limit of the above-
mentioned range, a good balance can be achieved with the
other structural units.

(Structural Unit (a4))

The structural unit (a4) is a structural unit containing an
acid non-dissociable cyclic group. When the component (A1)
includes the structural unit (a4), dry etching resistance of the
resist pattern to be formed is improved. Further, the hydro-
phobicity of the component (Al) is further improved.
Increase in the hydrophobicity contributes to improvement in
terms of resolution, shape of the resist pattern and the like,
particularly in an organic solvent developing process.

An “acid non-dissociable, aliphatic cyclic group” in the
structural unit (a4) refers to a cyclic group which is not
dissociated by the action of acid generated from the compo-
nent (B) described later upon exposure, and remains in the
structural unit.

As the structural unit (a4), a structural unit which contains
a non-acid-dissociable aliphatic cyclic group, and is also
derived from an acrylate ester is preferable. Examples of this
cyclic group include the same groups as those described
above in relation to the aforementioned structural unit (al),
and any of the multitude of conventional groups used within
the resin component of resist compositions for ArF excimer
lasers or KrF excimer lasers (and particularly for ArF excimer
lasers) can be used.

In consideration of industrial availability and the like, at
least one polycyclic group selected from amongst a tricyclo-
decyl group, adamantyl group, tetracyclododecyl group,
isobornyl group, and norbornyl group is particularly desir-
able. These polycyclic groups may be substituted with a lin-
ear or branched alkyl group of 1 to 5 carbon atoms.

Specific examples of the structural unit (a4) include units
with structures represented by general formulas (a4-1) to
(a4-7) shown below.

[Chemical Formula 33]
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(a4-3)
Ra
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(ad-4)
Ra

gt

(a4-5)
Ra

ot

(a4-6)
Ra

Wyt

(ad-7)
Ra
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In the formulae, R represents a hydrogen atom, a methyl
group or a triffuoromethyl group.

As the structural unit (a4) contained in the component
(Al), 1 type of structural unit may be used, or 2 or more types
may be used.

When the structural unit (a4) is included in the component
(Al), the amount of the structural unit (a4) based on the
combined total of all the structural units that constitute the
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component (Al) is preferably within the range from 1 to 30
mol %, and more preferably from 10 to 20 mol %.

The component (A1) is preferably a copolymer containing
the structural unit (al). The copolymer containing the struc-
tural unit (al) is preferably a copolymer further containing a
structural unit (a2) or (a3), and still more preferably a copoly-
mer containing the structural units (al), (a2) and (a3).

In the present invention, the weight average molecular
weight (Mw) (the polystyrene equivalent value determined
by gel permeation chromatography) of the component (A1) is
not particularly limited, but is preferably 1,000 to 50,000,
more preferably 1,500 to 30,000, and most preferably 2,000
to 20,000. When the weight average molecular weight is no
more than the upper limit of the above-mentioned range, the
resist composition exhibits a satisfactory solubility in a resist
solvent. On the other hand, when the weight average molecu-
lar weight is at least as large as the lower limit of the above-
mentioned range, dry etching resistance and the cross-sec-
tional shape of the resist pattern becomes satisfactory.

Further, the dispersity (Mw/Mn) of the component (Al) is
not particularly limited, but is preferably 1.0 to 5.0, more
preferably 1.0 to 3.0, and most preferably 1.2 to 2.5.

Here, Mn is the number average molecular weight.

As the component (A), one type may be used alone, or two
or more types may be used in combination.

In the component (A), the amount of the component (A1)
based on the total weight of the component (A) is preferably
25% by weight or more, more preferably 50% by weight or
more, still more preferably 75% by weight or more, and may
be even 100% by weight. When the amount of the component
(A1) is 25% by weight or more, various lithography proper-
ties are improved, such as improvement in MEF and circu-
larity, and reduction of roughness.

In the resist composition of the present invention, as the
component (A), one type may be used, or two or more types
of compounds may be used in combination.

In the resist composition of the present invention, the
amount of the component (A) can be appropriately adjusted
depending on the thickness of the resist film to be formed, and
the like.

<Acid Generator Component; Component (B0)>

The resist composition of the present embodiment contains
an acid generator component (B0) (hereafter, referred to as
“component (B0)”) which generates acid upon exposure. The
acid generator component (BO) preferably contains a com-
pound (BO-1) represented by general formula (b0) shown
below.

[Chemical Formula 34]

(b0)
Rb!

®

S )
2T Rp? X1

In formula (b0), Rb* represents an electron withdrawing
group; Rb® and Rb* each independently represents an aryl
group which may have a substituent, an alkyl group which
may have a substituent or an alkenyl group which may have a
substituent, provided that Rb®> and Rb®> may be mutually
bonded to form a ring with the sulfur atom; and X1~ repre-
sents a monovalent counteranion capable of generating a
strong acid.
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In general formula (b0), Rb', Rb? and Rb> are the same as
defined for Rb', Rb* and Rb? in the aforementioned general
formula (mO0).

>In general formula (b0), X1~ represents a monovalent
counteranion capable of generating a strong acid.

X1~ is not particularly limited as long as it is a monovalent
counteranion capable of generating a strong acid. For
example, the acid dissociation constant (pKa) is preferably 0
or less, more preferably -1 or less. The lower limit of pKa is
not particularly limited. For example, a monovalent counter-
anion capable of generating an acid having a pKa of =15 can
be used.

Further, in the present embodiment, as X17, the anion
moiety of a compound represented by any one of formulae
(b-1) to (b-3) described later can be mentioned. Among these
examples, the anion moiety of the compound (B11) described
later is preferable.

As the component (B0), one kind of these acid generator
components may be used alone, or two or more kinds of these
acid generator components may be used in combination.

When the resist composition of the present invention con-
tains the component (B0), the amount of the component (B0)
relative to 100 parts by weight of the component (A) is pref-
erably within a range from 0.5 to 60 parts by weight, more
preferably from 1 to 50 parts by weight, and still more pref-
erably from 1 to 40 parts by weight. When the amount of the
component (BO) is within the above-mentioned range, the
effects of the present invention can be enhanced. In addition,
it is presumed that the solubility in a solvent and sensitivity
are also improved.

<Acid Diffusion Control Agent; Component (D)>

The resist composition of the present embodiment may
include, in addition to the components (A) and (B), an acid
diffusion control agent (hereafter, sometimes referred to as
“component (D)”).

The component (D) functions as an acid diffusion control
agent, i.e., a quencher which traps the acid generated from the
component (B) and the like upon exposure.

In the present invention, the component (D) may be a
photodecomposable base (D1) (hereafter, referred to as
“component (D1)””) which is decomposed upon exposure and
then loses the ability of controlling of acid diffusion, or a
nitrogen-containing organic compound (D2) (hereafter,
referred to as “component (D2)”) which does not fall under
the definition of component (D1).

[Component (D1)]

When a resist pattern is formed using a resist composition
containing the component (D1), the contrast between
exposed portions and unexposed portions is improved.

The component (D1) is not particularly limited, as long as
it is decomposed upon exposure and then loses the ability of
controlling of acid diffusion. As the component (D1), at least
one compound selected from the group consisting of a com-
pound represented by general formula (d1-1) shown below
(hereafter, referred to as “component (d1-1)”), a compound
represented by general formula (d1-2) shown below (hereaf-
ter, referred to as “component (d1-2)") and a compound rep-
resented by general formula (d1-3) shown below (hereafter,
referred to as “component (d1-3)”) is preferably used.

At exposed portions, the components (d1-1) to (d1-3) are
decomposed and then lose the ability of controlling of acid
diffusion (i.e., basicity), and therefore the components (d1-1)
to (d1-3) cannot function as a quencher, whereas at unex-
posed portions, the components (d1-1) to (d1-3) functions as
a quencher.
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[Chemical Formula 35]
d1-1)
(¢]
Il M"®),,,,
€@
Ra'” 0
(d1-2)
M7®),,,

Rd2—8CT

(d1-3)
M@,

.o
Yd S
S ORe

IUON
4
Rd N@

In the formulae, Rd" to Rd* represent a cyclic group which
may have a substituent, a chain-like alkyl group which may
have a substituent or a chain-like alkenyl group which may
have a substituent, provided that, the carbon atom adjacent to
the sulfur atom within the Rd? in the formula (d1-2) has no
fluorine atom bonded thereto; Yd* represents a single bond or
a divalent linking group; and M™* each independently repre-
sents a cation having a valency of m.

{Component (d1-1)}—Anion Moiety

In formula (d1-1), Rd" represents a cyclic group which may
have a substituent, a chain-like alkyl group which may have a
substituent or a chain-like alkenyl group which may have a
substituent, and is the same groups as those defined above for
Rl 01 .

Among these, as the group for Rd*, an aromatic hydrocar-
bon group which may have a substituent, an aliphatic cyclic
group which may have a substituent and a chain-like alkyl
group which may have a substituent are preferable. Examples
of the substituent for these groups include a hydroxy group,
an oxo group, an alkyl group, an aryl group, a fluorine atom,
a fluorinated alkyl group, a lactone-containing cyclic group
represented by any one of the aforementioned formulae (a2-
r-1) to (a2-r-7), an ether bond, an ester bond, and a combina-
tion thereof. In the case where an ether bond or an ester bond
is included as the substituent, the substituent may be bonded
via an alkylene group, and a linking group represented by any
one of formulae (y-al-1) to (y-al-5) shown below is prefer-
able.

The aromatic hydrocarbon group is preferably an aryl
group such as a phenyl group or a naphthyl group.

Examples of the aliphatic cyclic group include groups in
which one or more hydrogen atoms have been removed from
a polycycloalkane such as adamantane, norbornane, isobor-
nane, tricyclodecane or tetracyclododecane.

As the chain-like hydrocarbon group, a chain-like alkyl
group is preferable. The chain-like alkyl group preferably has
1to 10 carbon atoms, and specific examples thereofinclude a
linear alkyl group such as a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl or a decyl group, and a
branched alkyl group such as a 1-methylethyl group, a 1-me-
thylpropyl group, a 2-methylpropyl group, a 1-methylbutyl
group, a 2-methylbutyl group, a 3-methylbutyl group, a 1-eth-
ylbutyl group, a 2-ethylbutyl group, a 1-methylpentyl group,
a 2-methylpentyl group, a 3-methylpentyl group or a 4-me-
thylpentyl group.

In the case where the chain-like alkyl group is a fluorinated
alkyl group having a fluorine atom or a fluorinated alkyl
group, the fluorinated alkyl group preferably has 1 to 11
carbon atoms, more preferably 1 to 8 carbon atoms, and still
more preferably 1 to 4 carbon atoms. The fluorinated alkyl
group may contain an atom other than fluorine. Examples of
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the atom other than fluorine include an oxygen atom, a carbon
atom, a hydrogen atom, a sulfur atom and a nitrogen atom.

AsRd*, a fluorinated alkyl group in which part or all of the
hydrogen atoms constituting a linear alkyl group have been
substituted with fluorine atom(s) is preferable, and a fluori-
nated alkyl group in which all of the hydrogen atoms consti-
tuting a linear alkyl group have been substituted with fluorine
atoms (i.e., a linear perfluoroalkyl group) is more preferable.

Specific examples of preferable anion moieties for the
component (d1-1) are shown below.

[Chemical Formula 36]
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Cation Moiety

In formula (d1-1), M™" represents an organic cation having
avalency of m (excluding the cation moiety of the compound
(DO0), as defined for M"** described later).

The organic cation for M™* is not particularly limited, and
examples thereof include the same cation moieties as those
represented by formulae (ca-1) to (ca-4) shown below, and
cation moieties represented by formulae (ca-1-1) to (ca-1-63)
shown below are preferable.

As the component (d1-1), one type of compound may be
used, or two or more types of compounds may be used in
combination.

{Component (d1-2)}—Anion Moiety

In formula (d1-2), Rd* represents a cyclic group which may
have a substituent, a chain-like alkyl group which may have a
substituent or a chain-like alkenyl group which may have a
substituent, and is the same groups as those defined above for
RlOI,

provided that, the carbon atom adjacent to the sulfur atom
within Rd? group has no fluorine atom bonded thereto (i.e.,
the carbon atom adjacent to the sulfur atom within Rd? group
does not substituted with a fluorine atom). As a result, the
anion of the component (d1-2) becomes an appropriately
weak acid anion, thereby improving the quenching ability of
the component (D).

As Rd?, an aliphatic cyclic group which may have a sub-
stituent is preferable, and a group in which one or more
hydrogen atoms have been removed from adamantane, nor-
bornane, isobornane, tricyclodecane, tetracyclododecane or
camphor (which may have a substituent) is more preferable.

The hydrocarbon group for Rd* may have a substituent. As
the substituent, the same groups as those described above for
substituting the hydrocarbon group (e.g., aromatic hydrocar-
bon group, aliphatic hydrocarbon group) for Rd" in the for-
mula (d1-1) can be mentioned.

Specific examples of preferable anion moieties for the
component (d1-2) are shown below.

[Chemical Formula 37]
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Cation Moiety

In formula (d1-2), M™" is an organic cation having a
valency of m, and is the same as defined for M™" in the
aforementioned formula (d1-1).

As the component (d1-2), one type of compound may be
used, or two or more types of compounds may be used in
combination.

{Component (d1-3)}—Anion Moiety

Informula (d1-3), Rd® represents a cyclic group which may
have a substituent, a chain-like alkyl group which may have a
substituent or a chain-like alkenyl group which may have a
substituent, and is the same groups as those defined above for
R™!, and a cyclic group containing a fluorine atom, a chain-
like alkyl group or a chain-like alkenyl group is preferable.

S
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Among these, a fluorinated alkyl group is preferable, and
more preferably the same fluorinated alkyl groups as those
described above for Rd'.

In formula (d1-3), Rd* represents a cyclic group which may
have a substituent, a chain-like alkyl group which may have a
substituent or a chain-like alkenyl group which may have a
substituent, and is the same groups as those defined above for
Rl 01 .

Among these, an alkyl group which may have substituent,
an alkoxy group which may have substituent, an alkenyl
group which may have substituent or a cyclic group which
may have substituent is preferable.

The alkyl group for Rd* is preferably a linear or branched
alkyl group of 1 to 5 carbon atoms, and specific examples
include a methyl group, an ethyl group, a propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a tert-
butyl group, a pentyl group, an isopentyl group, and a neo-
pentyl group. Part of the hydrogen atoms within the alkyl
group for Rd* may be substituted with a hydroxy group, a
cyano group or the like.

The alkoxy group for Rd* is preferably an alkoxy group of
1 to 5 carbon atoms, and specific examples thereof include a
methoxy group, an ethoxy group, an n-propoxy group, an
iso-propoxy group, an n-butoxy group and a tert-butoxy
group. Among these, a methoxy group and an ethoxy group
are preferable.

As the alkenyl group for Rd®*, the same groups as those
described above for R*°! can be mentioned, and a vinyl group,
a propenyl group (an allyl group), a 1-methylpropenyl group
and a 2-methylpropenyl group are preferable. These groups
may have an alkyl group of 1 to 5 carbon atoms or a haloge-
nated alkyl group of 1 to 5 carbon atoms as a substituent.

As the cyclic group for Rd*, the same groups as those
described above for R'°! can be mentioned. Among these, as
the cyclic group, an alicyclic group (e.g., a group in which one
or more hydrogen atoms have been removed from a cycloal-
kane such as cyclopentane, cyclohexane, adamantane, nor-
bornane, isobornane, tricyclodecane or tetracyclododecane)
or an aromatic group (e.g., a phenyl group or a naphthyl
group) is preferable. When Rd*is an alicyclic group, the resist
composition can be satisfactorily dissolved in an organic
solvent, thereby improving the lithography properties. Alter-
natively, when Rd* is an aromatic group, the resist composi-
tion exhibits an excellent photoadsorption efficiency in a
lithography process using EUV or the like as the exposure
source, thereby resulting in the improvement of the sensitivity
and the lithography properties.

In formula (d1-3), Yd' represents a single bond or a diva-
lent linking group.

The divalent linking group for Yd" is not particularly lim-
ited, and examples thereof include a divalent hydrocarbon
group (aliphatic hydrocarbon group, or aromatic hydrocar-
bon group) which may have a substituent and a divalent
linking group containing a hetero atom. As such groups, the
same divalent linking groups as those described above for
Ya! in the formula (a2-1) can be mentioned.

AsYd', acarbonyl group, an ester bond, an amide bond, an
alkylene group or a combination of these is preferable. As the
alkylene group, a linear or branched alkylene group is more
preferable, and a methylene group or an ethylene group is still
more preferable.

Specific examples of preferable anion moieties for the
component (d1-3) are shown below.
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Cation Moiety

In formula (d1-3), M™" is an organic cation having a
valency of m, and is the same as defined for M™" in the
aforementioned formula (d1-1).

As the component (d1-3), one type of compound may be
used, or two or more types of compounds may be used in
combination.

As the component (D1), one type of the aforementioned
components (d1-1) to (d1-3), or at least two types of the
aforementioned components (d1-1) to (d1-3) can be used in
combination.

The amount of the component (D1) relative to 100 parts by
weight of the component (A) is preferably within a range
from 0.5 to 10 parts by weight, more preferably from 0.5 to 8
parts by weight, and still more preferably from 1 to 8 parts by
weight.

When the amount of the component (D1) is at least as large
as the lower limit of the above-mentioned range, excellent
lithography properties and excellent resist pattern shape can
be obtained. On the other hand, when the amount of the
component (D1) is no more than the upper limit of the above-
mentioned range, sensitivity can be maintained at a satisfac-
tory level, and through-put becomes excellent.

The production methods of the components (d1-1) to (d1-
3) are not particularly limited, and the components (d1-1) to
(d1-3) can be produced by conventional methods.

The amount of the component (D1) relative to 100 parts by
weight of the component (A) is preferably within a range
from 0.5 to 15.0 parts by weight, more preferably from 0.5 to
10.0 parts by weight, and still more preferably from 1.0t0 8.0
parts by weight. When the amount of at least as large as the
lower limit of the above-mentioned range, excellent lithogra-
phy properties and excellent resist pattern shape can be
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obtained. On the other hand, when the amount of the compo-
nent (D) is no more than the upper limit of the above-men-
tioned range, sensitivity can be maintained at a satisfactory
level, and through-put becomes excellent.

(Component (D2))

The component (D) may contain a nitrogen-containing
organic compound (D2) (hereafter, referred to as component
(D2)) which does not fall under the definition of component
D).

The component (D2) is not particularly limited, as long as
it functions as an acid diffusion control agent, and does not
fall under the definition of the component (D1). As the com-
ponent (D2), any of the conventionally known compounds
may be selected for use. Among these, an aliphatic amine,
particularly a secondary aliphatic amine or tertiary aliphatic
amine is preferable.

An aliphatic amine is an amine having one or more ali-
phatic groups, and the aliphatic groups preferably have 1to 12
carbon atoms.

Examples of these aliphatic amines include amines in
which at least one hydrogen atom of ammonia (NH;) has been
substituted with an alkyl group or hydroxyalkyl group of no
more than 12 carbon atoms (i.e., alkylamines or alkylalco-
holamines), and cyclic amines.

Specific examples of alkylamines and alkylalcoholamines
include monoalkylamines such as n-hexylamine, n-hepty-
lamine, n-octylamine, n-nonylamine, and n-decylamine;
dialkylamines such as diethylamine, di-n-propylamine, di-n-
heptylamine, di-n-octylamine, and dicyclohexylamine; tri-

alkylamines such as trimethylamine, triethylamine, tri-n-pro-
pylamine, tri-n-butylamine, tri-n-hexylamine, tri-n-
pentylamine, tri-n-heptylamine, tri-n-octylamine, tri-n-

nonylamine, tri-n-decylamine, and tri-n-dodecylamine; and
alkyl alcohol amines such as diethanolamine, triethanola-
mine, diisopropanolamine, triisopropanolamine, di-n-oc-
tanolamine, and tri-n-octanolamine. Among these, trialky-
lamines of 5 to 10 carbon atoms are preferable, and tri-n-
pentylamine and tri-n-octylamine are particularly desirable.

Examples of the cyclic amine include heterocyclic com-
pounds containing a nitrogen atom as a hetero atom. The
heterocyclic compound may be a monocyclic compound (ali-
phatic monocyclic amine), or a polycyclic compound (ali-
phatic polycyclic amine).

Specific examples of the aliphatic monocyclic amine
include piperidine, and piperazine.

The aliphatic polycyclic amine preferably has 6 to 10 car-
bon atoms, and specific examples thereof include 1,5-diaz-
abicyclo[4.3.0]-5-nonene, 1,8-diazabicyclo[5.4.0]-7-un-
decene, hexamethylenetetramine, and 1,4-diazabicyclo
[2.2.2]octane.

Examples of other aliphatic amines include tris(2-meth-
oxymethoxyethyl)amine, tris {2-(2-methoxyethoxy)
ethyl }amine, tris {2-(2-methoxyethoxymethoxy)
ethyl }amine, tris {2-(1-methoxyethoxy)ethyl}amine, tris {2-
(1-ethoxyethoxy)ethyl}amine,  tris{2-(1-ethoxypropoxy)
ethyl }amine, tris[2-{2-(2-hydroxyethoxy)ethoxy }ethyl]
amine and triethanolamine triacetate, and triethanolamine
triacetate is preferable.

Further, as the component (D2), an aromatic amine may be
used.

Examples of aromatic amines include aniline, pyridine,
4-dimethylaminopyridine, pyrrole, indole, pyrazole, imida-
zole and derivatives thereof, as well as diphenylamine, triph-
enylamine, tribenzylamine, 2,6-diisopropylaniline and
N-tert-butoxycarbonylpyrrolidine.

As the component (D2), one type of compound may be
used alone, or two or more types may be used in combination.
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The component (D2) is typically used in an amount within
arange from 0.01 to 5.0 parts by weight, relative to 100 parts
by weight of the component (A). When the amount of the
component (D) is within the above-mentioned range, the
shape of the resist pattern and the post exposure stability of
the latent image formed by the pattern-wise exposure of the
resist layer are improved.

As the component (D), one type of compound may be used,
or two or more types of compounds may be used in combi-
nation.

When the resist composition of the present invention con-
tains the component (D), the amount of the component (D)
relative to 100 parts by weight of the component (A) is pref-
erably within a range from 0.1 to 15 parts by weight, more
preferably from 0.3 to 12 parts by weight, and still more
preferably from 0.5 to 12 parts by weight. When the amount
of'the component (D) is at least as large as the lower limit of
the above-mentioned range, various lithography properties
(such as LWR) of the resist composition are improved. Fur-
ther, a resist pattern having an excellent shape can be
obtained. On the other hand, when the amount of the compo-
nent (D) is no more than the upper limit of the above-men-
tioned range, sensitivity can be maintained at a satisfactory
level, and through-put becomes excellent.

In the present embodiment, the component (D) preferably
includes a compound (DO0) represented by general formula
(d0) shown below. The compound (DO) preferably includes a
compound (D11) shown below. In the case where the acid
diffusion control agent (D) includes the compound (D0), the
amount of the compound (DO) relative to 100 parts by weight
of'the component (A) is preferably 0.1 to 30 parts by weight,
more preferably 0.3 to 20 parts by weight, and still more
preferably 0.5 to 15 parts by weight. When the above-men-
tioned range is satisfied, the effects of the present invention
are enhanced. In the component (D), the amount of the com-
pound (DO) based on the total weight of the component (D) is
preferably 25% by weight or more, more preferably 50% by
weight or more, still more preferably 75% by weight or more,
and may be even 100% by weight. When the amount is 25%
by weight or more, the effects of the present invention are
improved. In addition, it is presumed that the solubility in a
solvent and sensitivity are also improved.

[Chemical Formula 40]

(d0)
Rb!

®
,-5N x2°

Rb Rb?

In formula (d0), Rb* represents an electron withdrawing
group; Rb* and Rb> each independently represents an aryl
group which may have a substituent, an alkyl group which
may have a substituent or an alkenyl group which may have a
substituent, provided that Rb* and Rb®> may be mutually
bonded to form a ring with the sulfur atom; and X2~ repre-
sents a monovalent counteranion capable of generating a
weak acid.

In general formula (d0), Rb', Rb? and Rb> are the same as
defined for Rb*', Rb* and Rb? in the aforementioned general
formula (mO0).
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In general formula (d0), X2~ represents a monovalent
counteranion capable of generating a weak acid.

X2~ is not particularly limited as long as it is a monovalent
counteranion capable of generating a weak acid. For example,
the acid dissociation constant (pKa) is preferably more than 0,
more preferably 0.2 or more. The upper limit of pKa is not
particularly limited. For example, a monovalent counteranion
capable of generating an acid having a pKa of 10 can be used.

In the present invention, the anion for X1~ is the same as
defined for the anion moiety within the aforementioned for-
mulae (d1-1) to (d1-3).

(Third Resist Composition)

A third resist composition according to the present
embodiment is a resist composition which generates acid
upon exposure and exhibits changed solubility in a develop-
ing solution under action of acid, and includes a compound
(DO) represented by the aforementioned general formula (d0)
as an acid diffusion control agent (D).

In the case where the resist composition of the present
embodiment is a resist composition which generates acid
upon exposure and exhibits changed solubility in a develop-
ing solution under action of acid, the component (A1) pref-
erably includes a structural unit (a6) which generates acid
upon exposure. In the case where the component (A1) does
not include the structural unit (a6), the resist composition
preferably includes the component (B) described later.

(Structural Unit (a6))

The structural unit (a6) is not particularly limited as long as
it generates acid upon exposure. For example, a structural unit
copolymerizable with the aforementioned structural unit (al)
and in which a structure proposed as an acid generator for a
conventional chemically amplified resist has been introduced
can be used.

Preferable examples of the structural unit copolymerizable
with the structural unit (al) include a structural unit derived
from a (meth)acrylate ester and a structural unit derived from
hydroxystyrene.

Preferable examples of a compound having a structure
proposed as an acid generator for a conventional chemically
amplified resist include the component (B) described later.

Examples of the structural unit (a6) include a structural
unit (a6c) having an anion group which generates an acid
upon exposure on a side chain thereof, and a structural unit
(a6c) which has a cation group that is decomposed upon
exposure on a side chain thereof.

Structural Unit (a6a)

The structural unit (a6c¢) is a structural unit having an anion
group which generates an acid upon exposure on a side chain
thereof.

The anion group which generates acid upon exposure is not
particularly limited, and a sulfonic acid ion, an amide ion or a
methide anion is preferable.

Among these, as the anion group, a group represented by
any one of general formulae (a6a-r-1), (aba-r-2) or (aba-r-3)
shown below is preferable.

[Chemical Formula 41]
(aba-r-1)
I
—Va'¥'—8—o0
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-continued

(aba-r-2)

o

—S—N—S—Ra'f!

I |

O O
(aba-r-3)

LarGS_C-_Lar64_Rar62

LarGS_Rar63

In the formulae, Va's! represents a divalent hydrocarbon
group having a fluorine atom; La'®* to La'®® each indepen-
dently represents —SO,— or a single bond; Ra'®! to Ra'®®
each independently represents a hydrocarbon group.

In formula (a6a-r-1), Va'®* represents a divalent hydrocar-
bon group having a fluorine atom.

The divalent hydrocarbon group for Va"™* may be either an
aliphatic hydrocarbon group or an aromatic hydrocarbon
group.

An “aliphatic hydrocarbon group” refers to a hydrocarbon
group that has no aromaticity. The aliphatic hydrocarbon
group may be saturated or unsaturated. In general, the ali-
phatic hydrocarbon group is preferably saturated.

Examples of the aliphatic hydrocarbon group include a
linear or branched aliphatic hydrocarbon group, and an ali-
phatic hydrocarbon group containing a ring in the structure
thereof can be given.

The linear or branched aliphatic hydrocarbon group pref-
erably has 1 to 10 carbon atoms, more preferably 1 to 6, still
more preferably 1 to 4, and most preferably 1 to 3.

As the linear aliphatic hydrocarbon group, a linear alkylene
group is preferable. Specific examples thereof include a
methylene group [—CH,—], an ethylene group
[—(CH,),—], a trimethylene group [—(CH,);—], a tetram-
ethylene group [—(CH,),—] and a pentamethylene group
[—(CH,)s—1-

As the branched aliphatic hydrocarbon group, branched
alkylene groups are preferred, and specific examples include
various alkylalkylene groups, including alkylmethylene
groups such as —CH(CH;)—, —CH(CH,CH,)—,
—C(CHy),—,  —C(CH)CH,CH,—,  —C(CH,)
(CH,CH,CH;)—, and —C(CH,CH;),—; alkylethylene
groups such as —CH(CH;)CH,—, —CH(CH;)CH(CH;)—,
—C(CH,;),CH,—, —CH(CH,CH;)CH,—, and
—C(CH,CH,;),—CH,—; alkyltrimethylene groups such as
—CH(CH,)CH,CH,—, and —CH,CH(CH;)CH,—; and
alkyltetramethylene  groups such as —CH(CH;)
CH,CH,CH,—, and —CH,CH(CH;)CH,CH,—. As the
alkyl group within the alkylalkylene group, a linear alkyl
group of 1 to 5 carbon atoms is preferable.

The linear or branched aliphatic hydrocarbon group has a
fluorine atom, and all of the hydrogen atoms of the aliphatic
hydrocarbon group may be substituted with fluorine. Further,
in addition to fluorine, the aliphatic hydrocarbon group may
be substituted with an oxo group (—0O).

As examples of the hydrocarbon group containing a ring in
the structure thereof, a cyclic aliphatic hydrocarbon group
containing a hetero atom in the ring structure thereof and may
have a substituent (a group in which two hydrogen atoms have
been removed from an aliphatic hydrocarbon ring), a group in
which the cyclic aliphatic hydrocarbon group is bonded to the
terminal of the aforementioned chain-like aliphatic hydrocar-
bon group, and a group in which the cyclic aliphatic group is
interposed within the aforementioned linear or branched ali-
phatic hydrocarbon group, can be given. As the linear or

161
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branched aliphatic hydrocarbon group, the same groups as
those described above can be used.

The cyclic aliphatic hydrocarbon group preferably has 3 to
20 carbon atoms, and more preferably 3 to 12 carbon atoms.

The cyclic aliphatic hydrocarbon group may be either a
polycyclic group or a monocyclic group. As the monocyclic
aliphatic hydrocarbon group, a group in which 2 hydrogen
atoms have been removed from a monocycloalkane is pref-
erable. The monocycloalkane preferably has 3 to 6 carbon
atoms, and specific examples thereof include cyclopentane
and cyclohexane. As the polycyclic group, a group in which
two hydrogen atoms have been removed from a polycycloal-
kane is preferable, and the polycyclic group preferably has 7
to 12 carbon atoms. Examples of the polycycloalkane include
adamantane, norbornane, isobornane, tricyclodecane and tet-
racyclododecane.

The cyclic aliphatic hydrocarbon group has a fluorine
atom, and all of the hydrogen atoms of the cyclic aliphatic
hydrocarbon group may be substituted with fluorine. Further,
in addition to fluorine, the cyclic aliphatic hydrocarbon group
may be substituted with an alkyl group, an alkoxy group, a
hydroxy group, an oxo group (—O) or the like. These sub-
stituents are the same as defined above.

The alkyl group as the substituent is preferably an alkyl
group of 1 to 5 carbon atoms, and a methyl group, an ethyl
group, a propyl group, an n-butyl group or a tert-butyl group
is particularly desirable.

The alkoxy group as the substituent is preferably an alkoxy
group having 1 to 5 carbon atoms, more preferably a methoxy
group, ethoxy group, n-propoxy group, iso-propoxy group,
n-butoxy group or tert-butoxy group, and most preferably a
methoxy group or an ethoxy group.

The aromatic hydrocarbon group for the divalent hydro-
carbon group represented by Va'®! is a hydrocarbon group
having at least one aromatic ring.

The aromatic ring is not particularly limited, as long as it is
acyclic conjugated compound having (4n+2) welectrons, and
may be either monocyclic or polycyclic. The aromatic ring
preferably has 5 to 30 carbon atoms, more preferably 5 to 20,
still more preferably 6 to 15, and most preferably 6 to 12.
Here, the number of carbon atoms within a substituent(s) is
not included in the number of carbon atoms of the aromatic
hydrocarbon group. Examples of the aromatic ring include
aromatic hydrocarbon rings, such as benzene, naphthalene,
anthracene and phenanthrene; and aromatic hetero rings in
which part of the carbon atoms constituting the aforemen-
tioned aromatic hydrocarbon rings has been substituted with
a hetero atom. Examples of the hetero atom within the aro-
matic hetero rings include an oxygen atom, a sulfur atom and
a nitrogen atom.

Specific examples of the aromatic hetero ring include a
pyridine ring and a thiophene ring.

Specific examples of the aromatic hydrocarbon group
include a group in which two hydrogen atoms have been
removed from the aforementioned aromatic hydrocarbon ring
or aromatic hetero ring (arylene group or heteroarylene
group); a group in which two hydrogen atoms have been
removed from an aromatic compound having two or more
aromatic rings (biphenyl, fluorene or the like); and a group in
which one hydrogen atom of the aforementioned aromatic
hydrocarbon ring or aromatic hetero ring has been substituted
with an alkylene group (a group in which one hydrogen atom
has been removed from the aryl group within the aforemen-
tioned arylalkyl group such as a benzyl group, a phenethyl
group, a 1-naphthylmethyl group, a 2-naphthylmethyl group,
a 1-naphthylethyl group, or a 2-naphthylethyl group, or a
heteroarylalkyl group). The alkylene group which is bonded
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to the aforementioned aryl group or heteroaryl group prefer-
ably has 1 to 4 carbon atoms, more preferably 1 or 2 carbon
atoms, and most preferably 1 carbon atom.

The aromatic hydrocarbon group has a fluorine atom, and
all of the hydrogen atoms of the aromatic hydrocarbon group
may be substituted with fluorine. Further, in addition to fluo-
rine, the cyclic aliphatic hydrocarbon group may be substi-
tuted with an alkyl group, an alkoxy group, a hydroxy group,
anoxo group (—O) orthe like. The alkyl group and the alkoxy
group as the substituent are the same as defined for the alkyl
group and the alkoxy group as the substituent for the cyclic
aliphatic hydrocarbon group.

Among the anion groups represented by formula (a6a-r-1),
a group represented by general formula (a6a-r-11) shown
below is preferable.

[Chemical Formula 42]
(aba-r-11)

R'—C—R2

p0

sofP

In the formula, R and R each independently represents a
hydrogen atom, an alkyl group, a fluorine atom or a fiuori-
nated alkyl group, provided that at least one of R/* and R/?
represents a fluorine atom or a fluorinated alkyl group; and p0O
represents an integer of 1 to 8.

In formula (a6a-r-11), each of R* and R’? independently
represents a hydrogen atom, an alkyl group, a fluorine atom or
a fluorinated alkyl group, provided that at least one of R”* and
R’? represents a fluorine atom or a fluorinated alkyl group.

The alkyl group for R”! and R’ is preferably an alkyl group
of'1to 5 carbon atoms, and specific examples thereof include
a methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a tert-butyl group,
a pentyl group, an isopentyl group and a neopentyl group.

The fluorinated alkyl group for R”* and R/? is preferably a
group in which part or all of the hydrogen atoms within the
aforementioned alkyl group for R”* and R’ have been substi-
tuted with a fluorine atom.

As R and R?, a fluorine atom or a fluorinated alkyl group
is preferable.

In formula (a6a-r-11), p0O represents an integer of 1 to 8§,
preferably an integer of 1 to 4, and more preferably 1 or 2.

Informula (a6a-r-2), as the hydrocarbon group for Ra'*, an
alkyl group, a monovalent alicyclic hydrocarbon group, an
aryl group and an aralkyl group can be mentioned.

The alkyl group for Ra'' preferably has 1 to 8 carbon
atoms, more preferably 1 to 6 carbon atoms, and still more
preferably 1 to 4 carbon atoms. The alkyl group may be linear
or branched. Specific examples of preferable alkyl groups
include a methyl group, an ethyl group, a propyl group, a
butyl group, a hexyl group and an octyl group.

The monovalent alicyclic hydrocarbon group for Ra
preferably has 3 to 20 carbon atoms, and more preferably 3 to
12 carbon atoms. The monovalent alicyclic hydrocarbon
group may be polycyclic or monocyclic. As the monocyclic
alicyclic hydrocarbon group, a group in which one or more
hydrogen atoms have been removed from a monocycloalkane
is preferable. The monocycloalkane preferably has 3 to 6
carbon atoms, and specific examples thereofinclude cyclobu-
tane, cyclopentane and cyclohexane. As the polycyclic alicy-
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clic hydrocarbon group, a group in which one or more hydro-
gen atoms have been removed from a polycycloalkane is
preferable, and the polycyclic group preferably has 7 to 12
carbon atoms. Examples of the polycycloalkane include ada-
mantane, norbornane, isobornane, tricyclodecane and tetra-
cyclododecane.

161

The aryl group for Ra'®" preferably has 6 to 18 carbon
atoms, and more preferably 6 to 10 carbon atoms. Specifi-
cally, a phenyl group is particularly desirable.

As a preferable examples of the aralkyl group for Ra'®', a
group in which an alkylene group of 1 to 8 carbon atoms has
been bonded to the aforementioned “aryl group for Ra'** can
be mentioned. An aralkyl group in which an alkylene group of
1 to 6 carbon atoms has been bonded to the aforementioned
“aryl group for Ra'®"” is more preferable, and an aralkyl
group in which an alkylene group of 1 to 4 carbon atoms has
been bonded to the aforementioned “aryl group for Ra'®*” is
most preferable.

161

The hydrocarbon group for Ra'®" preferably has part or all
of the hydrogen atoms within the hydrocarbon group substi-
tuted with fluorine, and the hydrocarbon group more prefer-
ably has 30 to 100% of the hydrogen atoms substituted with
fluorine. Among these, a perfluoroalkyl group in which all of
the hydrogen atoms within the alkyl group have been substi-
tuted with fluorine atoms is particularly desirable.

In formula (a6a-r-3), La'®® to La'® each independently
represents —SQO,— ora single bond, and Ra'®? and Ra'® each
independently represents a hydrocarbon group. The hydro-
carbon group for Ra'"* and Ra'® is the same as defined for the
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hydrocarbon group for Ra'".

Preferable examples of the structural unit (a6a) include
structural units represented by general formulae (a6a-1) to
(a6a-8) shown below.

[Chemical Formula 43]

(aba-1)
R
e}
o
|
Raf!
M"®)y,
(aba-2)
R
e}
e}

1 1
Ranél Ran62

161
O

Raf!
M@y

10

15

20

25

30

35

40

45

50

55

60

65

Vanél
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Raél

M"®),

Ra61—] Ra"62
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a6l
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M@,
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(a6a-3)

(aba-4)

(a6a-5)

(aba-6)
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(aba-7)

vanél

1 1
Ra"63 —] Ra"6

1a63

(aba-8)

R3.63

M®),,,

In the formula, R represents a hydrogen atom, an alkyl
group of 1 to 5 carbon atoms or a halogenated alkyl group of
1 to 5 carbon atoms; Ra®' is a group represented by the
aforementioned formula (a6a-r-1); Ra%® is a group repre-
sented by the aforementioned formula (a6a-r-2) or (a6a-r-3);
Ra®® is a group represented by the aforementioned formula
(a6a-r-3); Ra"%' to Ra"®* each independently represents a
hydrogen atom, a fluorine atom, an alkyl group of 1 to 5
carbon atoms or a fluorinated alkyl group; n,,¢, and n,4, each
independently represents an integer of 1 to 10; n; represents
an integer of 0 to 10;

Va"%! represents a divalent cyclic hydrocarbon group;
La"® represents —C(—0)—0—, —O—C(—=0)—0O— or
—0O—CH,—C(=0)—0—; Va"% represents a divalent
hydrocarbon group; Ra"® represents a hydrogen atom or an
alkyl group of 1 to 5 carbon atoms; La"®® represents
—C(=0)—0—, —O0—C(=0)—0— or —NH-C
(=0)—0—; Ya"®! represents a divalent linking group con-
taining a cyclic hydrocarbon group; Va"® represents a diva-
lent cyclic hydrocarbon group or a single bond; m represents
an integer of 1 or more; and each M™* independently repre-
sents an organic cation having a valency of m.

In formulae (a6a-1) to (a6a-8), R is the same as defined for
R in the aforementioned formula (a0-1).

In formulae (a6a-1) to (a6a-4), each Ra®' independently
represents a group represented by the aforementioned for-
mula (a6a-r-1). In formulae (a6a-5) to (a6a-7), each Ra%?
independently represents a group represented by the afore-
mentioned formula (a6a-r-2) or (a6a-r-3). In formula (a6a-8),
Ra® represents a group represented by the aforementioned
formula (a6a-r-3).

In formulae (a6a-2) and (a6a-5) to (aba-7), Ra"®! to Ra"%*
each independently represents a hydrogen atom, a fluorine
atom, an alkyl group of 1 to 5 carbon atoms or a fluorinated
alkyl group. Examples of the fluorinated alkyl group for
Ra"%' to Ra"®* include groups in which part or all of the
hydrogen atoms within the alkyl group of 1 to 5 carbon atoms
have been substituted with a fluorine atom.

In formulae (a6a-2), (a6a-5) and (aba-6), each n, inde-
pendently represents an integer of 1 to 10, preferably an
integer of 1 to 8, more preferably an integer of 1 to 4, and still
more preferably 1 or 2.

In formula (a6a-6), n,, represents an integer of 1 to 10,
preferably an integer of 1 to 8, more preferably an integer of
1 to 4, and still more preferably 1 or 2.
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In formula (a6a-7), n 4, represents an integer of 0 to 10,
preferably an integer of 0 to 5, more preferably an integer of
0 to 3, and still more preferably 0.

In formula (a6a-3), Va"®' represents a divalent cyclic
hydrocarbon group, and is the same as defined for the “ali-
phatic hydrocarbon group containing a ring in the structure
thereof” and “aromatic hydrocarbon group” explained above
in relation to Va'®" in the aforementioned formula (a6a-r-1).

La"%" represents —C(=0)—0—, —O—C(=0)—0—
or—O0—CH,—C(—0)—0—.

In formula (a6a-4), Va"% represents a divalent hydrocar-
bon group, and is the same as defined for the divalent hydro-
carbon group explained above in relation to Va'®" in the afore-
mentioned formula (a6a-r-1).

Ra"® represents a hydrogen atom or an alkyl group of 1 to
5 carbon atoms.

In formula (a6a-6), La"%* represents —C(—Q)—O0—,
—0—C(=0)—O0—or —NH—C(—=0)—0—.

In formula (a6a-7), Ya"®' represents a divalent cyclic
hydrocarbon group, and is the same as defined for the “ali-
phatic hydrocarbon group containing a ring in the structure
thereof”, the “aromatic hydrocarbon group” and the “divalent
linking group containing a hetero atom” (having an “aliphatic
hydrocarbon group containing a ring in the structure thereof”
or an “aromatic hydrocarbon group”) described later in rela-
tion to the divalent linking group for Ya*! in general formula
(a2-1).

In formula (a6a-8), Va"%® represents a divalent cyclic
hydrocarbon group or a single bond. The divalent cyclic
hydrocarbon group for Va"®? is the same as defined for the
“aliphatic hydrocarbon group containing a ring in the struc-
ture thereof” and “aromatic hydrocarbon group” explained
above in relation to Va'! in the aforementioned formula (a6a-
r-1).

In formula (a6a-1) to (a6a-8), m represents an integer of 1
or more, and each M™* independently represents an organic
cation having a valency of m (provided that the cation of the
compound (B0-1) is excluded).

The organic cation for M™"* is not particularly limited. As
the organic cation, an onium cation having a valency of m is
preferable, more preferably a sulfonium cation or an iodo-
nium cation, most preferably an organic cation represented by
any one of formulae (ca-1) to (ca-4) described later.

Specific examples of structural unit represented by formula
(a6a-1) are shown below. (M™*),,,, is the same as defined
above.

[Chemical Formula 44]
Ra Ra Ra
/é\ﬁ ) k\i ) /é\ﬁ )
o} [0} o}
F,C
\SOe CF
3 2
/
M) F,C F,C
\ \. o
/CFZ S0O3
eozs M™)
(M™)
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Ra Ra Ra R R R
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F F
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\803@ SO; /(CHZ)Z /(CHZ)Z /CF2
©
M M™) s 3(F,0) FC 038
1/m o) [e)
SO; SO;
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Specific examples of structural unit represented by formula M, M, M,
(aba-2) are shown below.
20
[Chemical Formula 45]
R* R* R*
25
R* R®
/(\é 0 /(\é (6] /(\g O
o o 0 0 o
> \ FsC > 30 S O\
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0 o 0 0 e
> > > 35 F3C~< FsC ~<
F,C FaC F>C CF, CF
\, o \,© \ o / :
SO; SO; SO3; eO3S eO;S/
M™ )1/ M™) 1y M™ )1/ 20 M™) 1jm M™) 1/
Specific examples of structural unit represented by formula
(a6a-3) are shown below.
45
[Chemical Formula 46]
Ra Ra Ra
R® R R 30
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2
;" ;0 o < F3C‘<
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Specific examples of structural unit represented by formula

Specific examples of structural unit represented by formula 25 (a6a-5) are shown below.
(a6a-4) are shown below.
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[Chemical Formula 48]

[Chemical Formula 47] Ra Ra
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Specific examples of structural unit represented by formula

(aba-6) are shown below.
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[Chemical Formula 49]
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Specific examples of structural unit represented by formula
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(a6a-7) are shown below.



US 9,244,347 B2

85
[Chemical Formula 50]
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Specific examples of structural unit represented by formula
(a6a-8) are shown below.

[Chemical Formula 51]
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Structural Unit (a6¢)

The structural unit (a6a) is a structural unit having a cation
group which is decomposed upon exposure on a side chain
thereof.

The cation group decomposed upon exposure is not par-
ticularly limited, and a group represented by general formula
(a6c-r-1) shown below is preferable.

[Chemical Formula 52]

(abc-r-1)

Varélc

S+
Rable” gy

In the formula, Ra'®'© and Ra'®* each independently rep-
resents an aryl group which may have a substituent, an alkyl
group which may have a substituent or an alkenyl group
which may have a substituent; Va'®'c represents an arylene
group, an alkylene group or an alkenylene group; provided
that Ra'®'¢, Ra'%>< and Va'%' may be mutually bonded to form
a ring with the sulfur atom.

In formula (a6c-r-1), Ra's*¢ and Ra'®*° each independently
represents an aryl group which may have a substituent, an
alkyl group which may have a substituent or an alkenyl group
which may have a substituent. Ra'®'° and Ra'®*° are the same
as defined for the “aryl group which may have a substituent”,
the “alkyl group which may have a substituent” and the “alk-
enyl group which may have a substituent” for R?°* to R*°% in
the aforementioned formula (ca-1).

Va'®'€ represents an arylene group, an alkylene group or an
alkenylene group, and examples thereof include a group in
which one hydrogen atom has been removed from an aryl
group, an alkyl group or an alkenyl group for Ra'®’¢ and
Ra'®*.

Ra'®'¢, Ra'®*° and Va'’'° may be mutually bonded to form a
ring with the sulfur atom. Examples of the formed ring struc-
ture include a group in which one hydrogen atom has been
removed from the ring formed by R*°! to R*%® mutually
bonded with the sulfur atom in the aforementioned formula
(ca-1).
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Preferable examples of the structural unit (a6c) include
structural units represented by general formulae (a6c-1) to
(a6c-3) shown below.

[Chemical Formula 53]
(abe-1)

e Ogﬁ
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In the formula, R represents a hydrogen atom, an alkyl
group of 1 to 5 carbon atoms or a halogenated alkyl group of
1 to 5 carbon atoms; each Va®'“ independently represents an
alkylene group of 1 to 5 carbon atoms; Va®*© and Va®* each
independently represents an alkylene group of 1 to 10 carbon
atoms; Va®° represents an aliphatic cyclic group or a single
bond; na®'® represents an integer of 0 to 2; na%?< represents 0
or 1; Ra% is a group represented by the aforementioned for-
mula (a6c-r-1); and A represents a counteranion.

In formulae (a6c-1) to (a6¢-3), R is the same as defined for
R in the aforementioned formula (a0-1). Each Ra®'© indepen-
dently represents a group represented by the aforementioned
formula (a6c-r-1).

In formulae (a6c-2) and (a6c-3), each Va®'© independently
represents an alkylene group of 1 to 5 carbon atoms, prefer-
ably an alkylene group of 1 to 3 carbon atoms, and more
preferably a methylene group.

In formula (a6c-3), Va®* and Va®* independently repre-
sents an alkylene group of 1 to 10 carbon atoms, preferably an
alkylene group of 1 to 8 carbon atoms, more preferably an
alkylene group of 1 to 5 carbon atoms, and still more prefer-
ably an alkylene group of 1 to 3 carbon atoms.
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In formula (a6c-3), Va®* represents an aliphatic cyclic
group or a single bond. The aliphatic cyclic group for Va®3<is
the same as defined for the aliphatic cyclic group explained
above in relation to Va'! in the aforementioned formula (a6a-
r-1).

na®“ represents an integer of 0 to 2, preferably 1 or 2.

na®° represents 0 or 1.

In formulae (a6c-1) to (a6c-3), A~ represents a counteran-
ion.

The counteranion for A~ is not particularly limited, and
examples thereof include the anion moiety of an onium salt
acid generator represented by general formula (b-1), (b-2) or
(b-3) described later in relation to the component (B). The
counteranion is preferably the anion moiety of an onium salt
acid generator represented by general formula (b-1), more
preferably a fluorinated alkylsulfonate ion of 1 to 8 carbon
atoms (preferably 1 to 4 carbon atoms) or at least one member
selected from anions represented by general formulae (an-1)
to (an-3) described later.

Specific examples of the structural unit represented by
formula (a6c-1), (abc-2) or (a6e-3) are shown below. A” isthe
same as defined above,

R(X
/(\éi O
O

St A
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[Chemical Formula 54]
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As the structural unit (a6) contained in the component
(A1), 1 type of structural unit may be used, or 2 or more types
may be used.

As the structural unit (a6a), a structural unit represented by
general formula (a6a-1) or (a6a-2) is preferable. As the struc-
tural unit (a6c), a structural unit represented by general for-
mula (a6c-1) shown below is preferable.

Among these, as the structural unit (a6), the structural unit
(a6a) is preferable.

The amount of the structural unit (a6) within the compo-
nent (Al) based on the combined total of all structural units
constituting the component (A1) is preferably 0.5 to 30 mol
%, more preferably 1 to 20 mol %, and still more preferably
1.5 to 15 mol %.
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When the amount of the structural unit (a6) is at least as
large as the lower limit of the above-mentioned range, rough-
ness can be reduced, and an excellent resist pattern can be
reliably obtained. On the other hand, when the amount of the
structural unit (a6) is no more than the upper limit of the
above-mentioned range, a good balance can be achieved with
the other structural units, and the lithography properties can
be improved.

The third resist composition according to the present
embodiment may contain an acid generator component (B)
described below.

As the component (B), there is no particular limitation, and
any of the known acid generators used in conventional chemi-
cally amplified resist compositions can be used.

Examples of these acid generators are numerous, and
include onium salt acid generators such as iodonium salts and
sulfonium salts; oxime sulfonate acid generators; diaz-
omethane acid generators such as bisalkyl or bisaryl sulfonyl
diazomethanes and  poly(bis-sulfonyl)diazomethanes;
nitrobenzylsulfonate acid generators; iminosulfonate acid
generators; and disulfone acid generators. Among these, it is
preferable to use an onium salt acid generator.

As the onium salt acid generator, a compound represented
by general formula (b-1) below (hereafter, sometimes
referred to as “component (b-1)”), a compound represented
by general formula (b-2) below (hereafter, sometimes
referred to as “component (b-2)”) or a compound represented
by general formula (b-3) below (hereafter, sometimes
referred to as “component (b-3)”") may be used.

[Chemical Formula 55]
b-1)
RIOZ

©

RIOI_YIOI_VIOI SO3

F M™®)y,
b-2
R104_LIOI_VIOZ_SO2 ( )
\ o
N
/ Mm@y,
RIS—L102__y103__g0),

(b-3)
RIO6] 103

Llo7_Llo4_\CG>
108 105 M)y
R™—L

In the formulae, R*®! and R'®* to R'°® each independently
represents a cyclic group which may have a substituent, a
chain-like alkyl group which may have a substituent or a
chain-like alkenyl group which may have a substituent, pro-
vided that R'®* and R'°® may be mutually bonded to form a
ring; R'°® and R'°” may be mutually bonded to form a ring;
R!'°? represents a fluorine atom or a fluorinated alkyl group of
1 to 5 carbon atoms; Y*°" represents a single bond or a diva-
lent linking group containing an oxygen atom; V*°! to V3
each independently represents a single bond, an alkylene
group or a fluorinated alkylene group; L'°* and L'®* each
independently represents a single bond or an oxygen atom;
L' to L'°% each independently represents a single bond,
—CO— or —S0,—; and M"™" represents an organic cation
having a valency of m.

{Anion Moiety} Anion Moiety of Component (b-1)

In the formula (b-1), R'®* represents a cyclic group which
may have a substituent, a chain-like alkyl group which may
have a substituent or a chain-like alkenyl group which may
have a substituent.
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(Cyclic Group which May have a Substituent)

The cyclic group is preferably a cyclic hydrocarbon group,
and the cyclic hydrocarbon group may be either an aromatic
hydrocarbon group or an aliphatic hydrocarbon group.

As the aromatic hydrocarbon group for R'°?, groups in
which one hydrogen atom has been removed from an aro-
matic hydrocarbon ring described above in relation to the
divalent aromatic hydrocarbon group for Va* in the formula
(al-1) or an aromatic compound containing two or more
aromatic ring can be mentioned, and a phenyl group or a
naphthyl group is preferable.

As the cyclic aliphatic hydrocarbon group for R*°*, groups
in which one hydrogen atom has been removed from a mono-
cycloalkane or a polycycloalkane exemplified above in the
explanation of the divalent aliphatic hydrocarbon group for
Va' in the formula (al-1) can be mentioned. Among polycy-
cloalkanes, a polycycloalkane having a bridged ring polycy-
clic skeleton, such as an adamantyl group or a norbornyl
group, and a polycycloalkane having a condensed ring poly-
cyclic skeleton, such as a cyclic group having a steroid skel-
eton are preferable. In the present specification, a steroid
skeleton refers to a skeleton (st) shown below which has three
6-membered rings and one 5S-membered ring bonded.

[Chemical Formula 56]

(st)

Further, the cyclic hydrocarbon group for R'°! may contain
a hetero atom like as a heterocycle, and specific examples
thereof include lactone-containing cyclic groups represented
by the aforementioned general formulas (a2-r-1) to (a2-r-7),
—SO,— containing cyclic groups represented by the afore-
mentioned formulas (a5-r-1) to (a5-r-4) and heterocycles
shown below.

[Chemical Formula 57]
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-continued
(r-hr-15)

(r-hr-16)

As the substituent for the cyclic hydrocarbon group for
R'!, an alkyl group, an alkoxy group, a halogen atom, a
halogenated alkyl group, a hydroxyl group, a carbonyl group,
a nitro group or the like can be used.

The alkyl group as the substituent is preferably an alkyl
group of 1 to 5 carbon atoms, and a methyl group, an ethyl
group, a propyl group, an n-butyl group or a tert-butyl group
is particularly desirable.

The alkoxy group as the substituent is preferably an alkoxy
group having 1 to 5 carbon atoms, more preferably a methoxy
group, ethoxy group, n-propoxy group, iso-propoxy group,
n-butoxy group or tert-butoxy group, and most preferably a
methoxy group or an ethoxy group.

Examples of the halogen atom for the substituent include a
fluorine atom, a chlorine atom, a bromine atom and an iodine
atom, and a fluorine atom is preferable.

Example of the aforementioned halogenated alkyl group
includes a group in which a part or all of the hydrogen atoms
within an alkyl group of 1 to 5 carbon atoms (e.g., a methyl
group, an ethyl group, a propyl group, an n-butyl group or a
tert-butyl group) have been substituted with the aforemen-
tioned halogen atoms.

(Chain-Like Alkyl Group which May have a Substituent)

The chain-like alkyl group for R'°' may be linear or
branched.

The linear alkyl group preferably has 1 to 20 carbon atoms,
more preferably 1 to 15, and most preferably 1 to 10. Specific
examples include a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, an isotride-
cyl group, a tetradecyl group, a pentadecyl group, a hexadecyl
group, an isohexadecyl group, a heptadecyl group, an octa-
decyl group, a nonadecyl group, an icosyl group, a henicosyl
group and a docosyl group.

The branched alkyl group preferably has 3 to 20 carbon
atoms, more preferably 3 to 15, and most preferably 3 to 10.
Specific examples include a 1-methylethyl group, a 1-meth-
ylpropyl group, a 2-methylpropyl group, a 1-methylbutyl
group, a 2-methylbutyl group, a 3-methylbutyl group, a 1-eth-
ylbutyl group, a 2-ethylbutyl group, a 1-methylpentyl group,
a 2-methylpentyl group, a 3-methylpentyl group and a 4-me-
thylpentyl group.

(Chain-Like Alkenyl Group which May have a Substitu-
ent)

The chain-like alkenyl group for R'°! may be linear or
branched, and preferably has 2 to 10 carbon atoms, more
preferably 2 to 5 carbon atoms, still more preferably 2 to 4
carbon atoms, and most preferably 3 carbon atoms. Examples
of linear alkenyl groups include a vinyl group, a propenyl
group (an allyl group) and a butynyl group. Examples of
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branched alkenyl groups include a 1-methylpropenyl group
and a 2-methylpropenyl group.

Among the above-mentioned examples, as the chain-like
alkenyl group, a propenyl group is particularly desirable.

As the substituent for the chain-like alkyl group or alkenyl
group for R'°!, an alkoxy group, a halogen atom, a haloge-
nated alkyl group, a hydroxyl group, a carbonyl group, a nitro
group, an amino group, a cyclic group for R*° or the like can
be used.

Among these examples, as R'°*, a cyclic group which may
have a substituent is preferable, and a cyclic hydrocarbon
group which may have a substituent is more preferable. Spe-
cifically, a phenyl group, a naphthyl group, a group in which
one or more hydrogen atoms have been removed from a
polycycloalkane, a lactone-containing cyclic group repre-
sented by any one of the aforementioned formula (a2-r-1) to
(a2-r-7), and an—SO,— containing cyclic group represented
by any one of the aforementioned formula (a5-r-1) to (a5-r-4).

In formula (b-1),Y*'°* represents a single bond or a divalent
linking group containing an oxygen atom.

In the case where Y'°! is a divalent linking group contain-
ing an oxygen atom, Y'°* may contain an atom other than an
oxygen atom. Examples of atoms other than an oxygen atom
include a carbon atom, a hydrogen atom, a sulfur atom and a
nitrogen atom.

Examples of divalent linking groups containing an oxygen
atom include non-hydrocarbon, oxygen atom-containing
linking groups such as an oxygen atom (an ether bond;
—O0—), an ester bond (—C(—0)—0—), an oxycarbonyl
group (—O—C(=0)—), an amido bond (—C(=—0)—
NH—), acarbonyl group (—C(—0)—) and a carbonate bond
(—O—C(=0)—0—); and combinations of the aforemen-
tioned non-hydrocarbon, hetero atom-containing linking
groups with an alkylene group. Furthermore, the combina-
tions may have a sulfonyl group (—SO,—) bonded thereto.
As the combination, the linking group represented by formu-
las (y-al-1) to (y-al-7) shown below can be mentioned.

[Chemical Formula 58]

(y-al-1)

(¢]
_VrIOIJJ_O_VrlOZ_
(y-al-2)
(¢] (¢]
yrlol o0—vVIi2_g _
(y-al-3)
(¢]
_Vrlol_oJ_I_
(y-al-4)
_VVIOI_O_
o (y-al-5)
_VVIOI_O_VVIOZ_OJ.I_
(y-al-6)
(¢]
VrlOl_g_O_VVIOZ_
(0]
(y-al-7)
(¢] (¢]
—V'IOI—%—O_V'IOZ—OJ'I_
(0]
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In the formulae, V"'°! represents a single bond or an alky-
lene group of 1 to 5 carbon atoms; V'*° represents a divalent
saturated hydrocarbon group of 1 to 30 carbon atoms.

The divalent saturated hydrocarbon group for V'*°? is pref-
erably an alkylene group of 1 to 30 carbon atoms.

The alkylene group for V'*°! and V''°% may be a linear
alkylene group or a branched alkylene group, and a linear
alkylene group is preferable.

Specific examples of the alkylene group for V'*°! and V'*¢2
include a methylene group [—CH,—]; an alkylmethylene
group, such as —CH(CH;)—, —CH(CH,CH;)—,
“C(CH),—  —C(CH)(CHCH)—  —C(CH,)
(CH,CH,CH;)— and —C(CH,CH,;),—; an ethylene group
[—CH,CH,—; an alkylethylene group, such as —CH(CHj;)
CH,—, —CH(CH,;)CH(CH;)—, —C(CH,),CH,— and
—CH(CH,CH;)CH,—; a trimethylene group (n-propylene
group) [—CH,CH,CH,—]; an alkyltrimethylene group,
such as —CH(CH;)CH,CH,— and —CH,CH(CH,)CH,—;
atetramethylene group [—CH,CH,CH,CH,—; an alkyltet-
ramethylene group, such as —CH(CH,)CH,CH,CH,—,
—CH,CH(CH;)CH,CH,—; and a pentamethylene group
[—CH,CH,CH,CH,CH,—].

Further, part of methylene group within the alkylene group
for V'*°! and V''°? may be substituted with a divalent aliphatic
cyclic group of 5 to 10 carbon atoms. The aliphatic cyclic
group is preferably a divalent group in which one hydrogen
atom has been removed from the cyclic aliphatic hydrocarbon
group for Ra” in the aforementioned formula (al-r-1), and a
cyclohexylene group, 1,5-adamantylene group or 2,6-ada-
mantylene group is preferable.

Y'°! is preferably a divalent linking group containing an
ether bond or an ester bond, and groups represented by the
aforementioned formulas (y-al-1) to (y-al-5) are preferable.

In formula (b-1), V*°! represents a single bond, an alkylene
group or a fluorinated alkylene group. The alkylene group and
the fluorinated alkylene group for V'°! preferably has 1 to 4
carbon atoms. Examples of the fluorinated alkylene group for
V*°! include a group in which part or all of the hydrogen
atoms within the alkylene group for V'°! have been substi-
tuted with fluorine. Among these examples, as V'°!, a single
bond or a fluorinated alkylene group of 1 to 4 carbon atoms is
preferable.

In formula (b-1), R'°? represents a fluorine atom or a flu-
orinated alkyl group of 1 to 5 carbon atoms. R'°? is preferably
a fluorine atom or a perfluoroalkyl group of 1 to 5 carbon
atoms, and more preferably a fluorine atom.

As specific examples of anion moieties of the formula
(b_ 1 )s

in the case where Y'°! a single bond, a fluorinated alkyl-
sulfonate anion such as a trifluoromethanesulfonate anion or
a perfluorobutanesulfonate anion can be mentioned; and in
the case where Y'° represents a divalent linking group con-
taining an oxygen atom, anions represented by formulae (an-
1) to (an-3) shown below can be mentioned.

[Chemical Formula 59]

(an-1)

I
R0 — (CHy),y— L0 — 0 — (CHy)yr—£ O—C — anOl_SO?
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-continued
(an-2)

e}

O
R"12— (CHy),»— 0 —C—F (CHy)p— O F—(CHy)»— V"1 —50;
(an-3)

o
R —(CHy),»—O—(CH, —o—! yroi_go®
(CHy)y (CHa)gr - 3

In the formulae, R"*°! represents an aliphatic cyclic group
which may have a substituent, a group represented by any one
of'the aforementioned formulae (r-hr-1) to (r-hr-6) or a chain-
like alkyl group which may have a substituent; R"*°? repre-
sents an aliphatic cyclic group which may have a substituent,
a lactone-containing cyclic group represented by any one of
the aforementioned formulae (a2-r-1) to (a2-r-7) or an
—S0O,— containing cyclic group represented by any one of
the aforementioned formulae (a5-r-1) to (a5-r-4); R"'° rep-
resents an aromatic cyclic group which may have a substitu-
ent, an aliphatic cyclic group which may have a substituent or
a chain-like alkenyl group which may have a substituent;
V" represents a fluorinated alkylene group; L"'°" repre-
sents —C(—0)— or —SO,—; v" represents an integer of 0
to 3; q" represents an integer of 1 to 20; and n" represents O or

As the aliphatic cyclic group for R"*%!, R"'°? and R"*®*
which may have a substituent, the same groups as the cyclic
aliphatic hydrocarbon group for R*®! described above are
preferable. As the substituent, the same groups as those
described above for substituting the cyclic aliphatic hydro-
carbon group for R'®! can be mentioned.

As the aromatic cyclic group for R™°* which may have a
substituent, the same groups as the aromatic hydrocarbon
group for the cyclic hydrocarbon group represented by R'°*
described above are preferable. The substituent is the same as
defined for the substituent for the aromatic hydrocarbon
group represented by R'°%,

As the chain-like alkyl group for R"' which may have a
substituent, the same groups as those described above for
R'°! are preferable. As the chain-like alkenyl group for R"'°?
which may have a substituent, the same groups as those
described above for R'°* are preferable. V"*°! is preferably a
fluorinated alkylene group of 1 to 3 carbon atoms, and most
preferably —CF,—, —CF,CF,—, —CHFCF,—, —CF
(CF;)CF,— or —CH(CF;)CF,—.

Anion Moiety of Component (b-2)

In formula (b-2), R'** and R'® each independently repre-
sents a cyclic group which may have a substituent, a chain-
like alkyl group which may have a substituent or a chain-like
alkenyl group which may have a substituent, and is the same
as defined for R'°* in formula (b-1). R'** and R'°® may be
mutually bonded to form a ring.

As R and R*, a chain-like alkyl group which may have
a substituent is preferable, and a linear or branched alkyl
group or a linear or branched fluorinated alkyl group is more
preferable.

The chain-like alkyl group preferably has 1 to 10 carbon
atoms, more preferably 1 to 7 carbon atoms, and still more
preferably 1 to 3 carbon atoms. The smaller the number of
carbon atoms of the chain-like alkyl group for R*°* and R*%,
the more the solubility in aresist solvent is improved. Further,
in the chain-like alkyl group for R*®* and R'°?, it is preferable
that the number of hydrogen atoms substituted with fluorine
atoms is as large as possible because the acid strength
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increases and the transparency to high energy radiation o£ 200
nm or less or electron beam is improved. The fluorination
ratio of the chain-like alkyl group is preferably from 70 to
100%, more preferably from 90 to 100%, and it is particularly
desirable that the chain-like alkyl group be a perfluoroalkyl
group in which all hydrogen atoms are substituted with fluo-
rine atoms.

In formula (b-2), V*°% and V' each independently repre-
sents a single bond, an alkylene group or a fluorinated alky-
lene group, and is the same as defined for V*°! in formula
(b-1).

In formula (b-2), L'°! and L'°* each independently repre-
sents a single bond or an oxygen atom.

Anion Moiety of Component (b-3)

In formula (b-3), R''° to R'® each independently repre-
sents a cyclic group which may have a substituent, a chain-
like alkyl group which may have a substituent or a chain-like
alkenyl group which may have a substituent, and is the same
as defined for R*°! in formula (b-1).

L' to L' each independently represents a single bond,
—CO— or —SO,—.

{Cation Moiety}

In formulae (b-1), (b-2) and (b-3), M represents an
organic cation having a valency of m other than the cation
moiety ofthe compound (B11), preferably a sulfonium cation
or an iodonium cation, and most preferably a cation repre-
sented by any one of formulae (ca-1) to (ca-4) shown below.

[Chemical Formula 60]

(ca-1)
RZOI
202 |®
R —§
[
R203
(ca-2)
®
R204 —I— R205
(ca-3)

R206 RS

\S® 1201_p210
/
R pao9

(ca-4)

Rle Rle

® e/
S_YZOI_O_WZOI O_YZOI_S

R212

X

/
R212

In the formulae, R**! to R*°7, R*!! and R*'? independently
represents an aryl group, an alkyl group or an alkenyl group,
provided that two of R*%* to R?%*, R*°% and R**7, or R*!* and
R?*'? may be mutually bonded to form a ring with the sulfur
atom; R*°® and R each independently represents a hydro-
gen atom or an alkyl group of 1 to 5 carbon atoms; R*'°
represents an aryl group which may have a substituent, an
alkyl group which may have a substituent, an alkenyl group
which may have a substituent or an —SO,— containing
cyclic group which may have a substituent; 1.>°* represents
—C(=0)— or —C(=0)—0—; Y**! each independently
represents an arylene group, an alkylene group or an alk-
enylene group; x represents 1 or 2; and W>°! represents a
linking group having a valency of (x+1).

As the aryl group for R®! to R*?, R®!! and R*'?, an
unsubstituted aryl group of 6 to 20 carbon atoms can be
mentioned, and a phenyl group or a naphthyl group is pref-
erable.
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The alkyl group for R*°* to R*°7, R*'* and R*'? is prefer-
ably a chain-like or cyclic alkyl group having 1 to 30 carbon
atoms.

The alkenyl group for R*°* to R**7, R*'* and R*'? prefer-
ably has 2 to 10 carbon atoms.

Specific examples of the substituent which R*°* to R*°” and
R*'°to R*'? may have include an alkyl group, a halogen atom,
a halogenated alkyl group, a carbonyl group, a cyano group,
an amino group, an aryl group, an arylthio group and groups
represented by formulae (ca-r-1) to (ca-r-7) shown below.

The aryl group within the arylthio group as the substituent
is the same as defined for R'°!, and specific examples include
a phenylthio group and a biphenylthio group.

[Chemical Formula 61]

[ca-r-1]
O—TR201
o [ca-r-2]
_O/Y 2ot
¢}
[ca-r-3]
e}

I O)J\ R201

[ca-r-4]
R201
P

—O0 O

[ca-1r-5]
e}
)K/O R201
—O0
e}
[ca-1r-6]
e}
o0— Q —_Rn2o1
e}

[ca-r-7]

O
O\)k RrZOl
—O/Y o~
(@]

In the formulae, R™°" each independently represents a
hydrogen atom, a cyclic group which may have a substituent,
a chain-like alkyl group which may have a substituent or a
chain-like alkenyl group which may have a substituent.

As the cyclic group which may have a substituent, the
chain-like alkyl group which may have a substituent and the
chain-like alkenyl group which may have a substituent for
R'*°! the same groups as those described above for R'®! can
be mentioned. As the cyclic group which may have a substitu-
ent and chain-like alkyl group which may have a substituent,
the same groups as those described above for the acid disso-
ciable group represented by the aforementioned formula (al-
r-2) can be also mentioned.

When R*°! to R?%*, R2°6, R*°7, R*!* and R**? are mutually
bonded to form a ring with the sulfur atom, these groups may
be mutually bonded via a hetero atom such as a sulfur atom,
anoxygen atom or a nitrogen atom, or a functional group such
as a carbonyl group, —SO—, —SO,—, —SO;—,
—COO—, —CONH— or —N(R,)— (wherein R, repre-
sents an alkyl group of 1 to 5 carbon atoms). The ring con-
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taining the sulfur atom in the skeleton thereof is preferably a
3 to 10-membered ring, and most preferably a 5 to 7-mem-
bered ring. Specific examples of the ring formed include a
thiophene ring, a thiazole ring, a benzothiophene ring, a thi-
anthrene ring, a benzothiophene ring, a dibenzothiophene
ring, a 9H-thioxanthene ring, a thioxanthone ring, a phenox-
athiin ring, a tetrahydrothiophenium ring, and a tetrahy-
drothiopyranium ring.

R?°® and R** each independently represents a hydrogen
atom or an alkyl group of 1 to 5 carbon atoms, preferably a
hydrogen atom or an alkyl group of 1 to 3 carbon atoms, and
when R?°® and R*°® each represents an alkyl group, R*°® and
R?%° may be mutually bonded to form a ring.

R?'° represents an aryl group which may have a substitu-
ent, an alkyl group which may have a substituent, an alkenyl
group which may have a substituent, or an —SO,— contain-
ing cyclic group which may have a substituent.

Examples of the aryl group for R** include an unsubsti-
tuted aryl group of 6 to 20 carbon atoms, and a phenyl group
or a naphthyl group is preferable.

As the alkyl group for R*'°, a chain-like or cyclic alkyl
group having 1 to 30 carbon atoms is preferable.

The alkenyl group for R**° preferably has 2 to 10 carbon
atoms.

As the —SO,— containing cyclic group for R**° which
may have a substituent, the same “—SO,— containing cyclic
groups” as those described above for Ra®! in the aforemen-
tioned general formula (a2-1) can be mentioned, and the
group represented by the aforementioned general formula
(a5-r-1) is preferable.

Each Y?°! independently represents an arylene group, an
alkylene group or an alkenylene group.

Examples of the arylene group for Y2°! include groups in
which one hydrogen atom has been removed from an aryl
group given as an example of the aromatic hydrocarbon group
for R'°* in the aforementioned formula (b-1).

The alkylene group and the alkenylene group forY>°! is the
same as defined for the aliphatic hydrocarbon group as the
divalent linking group represented by Va' in the aforemen-
tioned general formula (al-1).

In the formula (ca-4), x represents 1 or 2.

W=°! represents a linking group having a valency of (x+1),
i.e., a divalent or trivalent linking group.

As the divalent linking group for W2°", a divalent hydro-
carbon group which may have a substituent is preferable, and
as examples thereof, the same hydrocarbon groups as those
described above for Ya*! in the general formula (a2-1) can be
mentioned. The divalent linking group for W2°! may be lin-
ear, branched or cyclic, and cyclic is more preferable. Among
these, an arylene group having two carbonyl groups, each
bonded to the terminal thereof is preferable. Examples of the
arylene group include a phenylene group and a naphthylene
group, and a phenylene group is particularly desirable.

As the trivalent linking group for W2°!, a group in which
one hydrogen atom has been removed from the aforemen-
tioned divalent linking group for W2°! and a group in which
the divalent linking group has been bonded to another diva-
lent linking group can be mentioned. The trivalent linking
group for W°! is preferably a group in which 2 carbonyl
groups are bonded to an arylene group.

Specific examples of preferable cations represented by
formula (ca-1) include cations represented by formulae (ca-
1-1) to (ca-1-63) shown below.
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[Chemical Formula 62]
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(ca-1-5)
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[Chemical Formula 63]
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Inthe formulae, g1, g2 and g3 represent recurring numbers,
3® wherein g1 is an integer of 1 to 5, g2 is an integer of 0 to 20,
and g3 is an integer of 0 to 20.
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In the formulae, R"*°! represents a hydrogen atom or a
substituent, and as the substituent, the same groups as those
described above for substituting R*°* to R*°” and R*!°to R*!2
can be mentioned.

Specific examples of preferable cations represented by
formula (ca-3) include cations represented by formulae (ca-
3-1) to (ca-3-6) shown below.

(ca-1-62)

(ca-1-63)

[Chemical Formula 66]

Y

(ca-3-1)

[Chemical Formula 67]
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Specific examples of preferable cations represented by
formula (ca-4) include cations represented by formulae (ca-
4-1) and (ca-4-2) shown below.
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As the component (B), one type of these acid generators
may be used alone, or two or more types may be used in
combination.

When the resist composition of the present invention con-
tains the component (B), the amount of the component (B)
relative to 100 parts by weight of the component (A) is pref-
erably within a range from 0.5 to 60 parts by weight, more
preferably from 1 to 50 parts by weight, and still more pref-
erably from 1 to 40 parts by weight. When the amount of the
component (B) is within the above-mentioned range, forma-
tion of a resist pattern can be satisfactorily performed. Fur-
ther, by virtue of the above-mentioned range, when each of
the components are dissolved in an organic solvent, a uniform
solution can be obtained and the storage stability becomes
satisfactory.

In the third resist composition according to the present
embodiment, the acid generator component (B) may include
the compound (BO-1) represented by the aforementioned for-
mula (b0), and the compound (BO-1) preferably includes the
compound (B11) described later. In the case where the acid
generator component (B) includes the compound (B0-1), the
amount of the compound (BO-1) relative to 100 parts by
weight of the component (A) is preferably 0.5 to 60 parts by
weight, more preferably 1 to 50 parts by weight, and still more
preferably 1 to 40 parts by weight. When the above-men-
tioned range is satisfied, the effects of the present invention
are enhanced. In the component (B), the amount of the com-
pound (B0O-1) based on the total weight of the component (B)
is preferably 25% by weight or more, more preferably 50% by
weight or more, still more preferably 75% by weight or more,
and may be even 100% by weight. When the amount is 25%
by weight or more, the effects of the present invention are
improved. In addition, it is presumed that the solubility in a
solvent and sensitivity are also improved.

<Optional Components>

[Component (E)]

Furthermore, in the resist composition of the present inven-
tion, for preventing any deterioration in sensitivity, and
improving the resist pattern shape and the post exposure
stability of the latent image formed by the pattern-wise expo-
sure of the resist layer, at least one compound (E) (hereafter
referred to as the component (E)) selected from the group
consisting of an organic carboxylic acid, or a phosphorus oxo
acid or derivative thereof can be added.

Examples of suitable organic carboxylic acids include ace-
tic acid, malonic acid, citric acid, malic acid, succinic acid,
benzoic acid, and salicylic acid.
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(ca-4-2)

Examples of phosphorus oxo acids include phosphoric
acid, phosphonic acid and phosphinic acid. Among these,
phosphonic acid is particularly desirable.

Examples of oxo acid derivatives include esters in which a
hydrogen atom within the above-mentioned oxo acids is sub-
stituted with a hydrocarbon group. Examples of the hydro-
carbon group include an alkyl group of 1 to 5 carbon atoms
and an aryl group of 6 to 15 carbon atoms.

Examples of phosphoric acid derivatives include phospho-
ric acid esters such as di-n-butyl phosphate and diphenyl
phosphate.

Examples of phosphonic acid derivatives include phospho-
nic acid esters such as dimethyl phosphonate, di-n-butyl
phosphonate, phenylphosphonic acid, diphenyl phosphonate
and dibenzyl phosphonate.

Examples of phosphinic acid derivatives include phos-
phinic acid esters and phenylphosphinic acid.

As the component (E), one type may be used alone, or two
or more types may be used in combination.

The component (E) is typically used in an amount within a
range from 0.01 to 5.0 parts by weight, relative to 100 parts by
weight of the component (A).

[Component (F)]

The resist composition of the present invention may con-
tain a fluorine additive (hereafter, referred to as “component
(F)”) for imparting water repellency to the resist film.

As the component (F), for example, a fluorine-containing
polymeric compound described in Japanese Unexamined
Patent Application, First Publication No. 2010-002870, Japa-
nese Unexamined Patent Application, First Publication No.
2010-032994, Japanese Unexamined Patent Application,
First Publication No. 2010-277043, Japanese Unexamined
Patent Application, First Publication No. 2011-13569, and
Japanese Unexamined Patent Application, First Publication
No. 2011-128226 can be used.

Specific examples of the component (F) include polymers
having a structural unit (f1) represented by general formula
(f1-1) shown below. As the polymer, a polymer (homopoly-
mer) consisting of a structural unit (f1) represented by for-
mula (f1-1) shown below; a copolymer of a structural unit (1)
represented by formula (f1-1) shown below and the afore-
mentioned structural unit (al); and a copolymer of a struc-
tural unit (f1) represented by formula (f1-1) shown below, a
structural unit derived from acrylic acid or methacrylic acid
and the aforementioned structural unit (al) are preferable. As
the structural unit (al) to be copolymerized with a structural
unit (f1) represented by formula (f1-1) shown below, a struc-
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tural unit derived from 1-ethyl-1-cyclooctyl(meth)acrylate or
a structural unit represented by the aforementioned formula
(al-2-01) is preferable.

[Chemical Formula 68]

(f1-1)

R
0
o
Rfl 02 Rfl 03
0 o'
0
Rém

In the formula, R is the same as defined above; Rf'°? and
Rf'3 each independently represents a hydrogen atom, a halo-
gen atom, an alkyl group of 1 to 5 carbon atoms, or a haloge-
nated alkyl group of 1 to 5 carbon atoms, provided that Rf*°2
and Rf'® may be the same or different; nf’ represents an
integer of 1 to 5; and Rf'°" represents an organic group con-
taining a fluorine atom.

In formula (f1-1), R is the same as defined above. As R, a
hydrogen atom or a methyl group is preferable.

In formula (f1-1), examples of the halogen atom for Rf***
and Rf*°? include a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom, and a fluorine atom is particularly
desirable. Examples of the alkyl group of 1 to 5 carbon atoms
for Rf'°? and Rf'®® include the same alkyl group of 1 to 5
carbon atoms as those described above for R, and a methyl
group or an ethyl group is preferable. Specific examples of the
halogenated alkyl group of 1 to 5 carbon atoms represented by
Rf'%? or Rf'® include groups in which part or all of the
hydrogen atoms of the aforementioned alkyl groups of 1 to 5
carbon atoms have been substituted with halogen atoms.
Examples of the halogen atom include a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom, and a
fluorine atom is particularly desirable. Among these, as Rf*%>
and Rf'®®, a hydrogen atom, a fluorine atom or an alkyl group
of'1 to 5 carbon atoms is preferable, and a hydrogen atom, a
fluorine atom, a methyl group or an ethyl group is more
preferable.

In formula (f1-1), nf* represents an integer of 1 to 5, pref-
erably an integer of 1 to 3, and more preferably 1 or 2.

In formula (f1-1), Rf'° represents an organic group con-
taining a fluorine atom, and is preferably a hydrocarbon group
containing a fluorine atom.

The hydrocarbon group containing a fluorine atom may be
linear, branched or cyclic, and preferably has 1 to 20 carbon
atoms, more preferably 1 to 15 carbon atoms, and most pref-
erably 1 to 10 carbon atoms.

It is preferable that the hydrocarbon group having a fluo-
rine atom has 25% or more of the hydrogen atoms within the
hydrocarbon group fluorinated, more preferably 50% or
more, and most preferably 60% or more, as the hydrophobic-
ity of the resist film during immersion exposure is enhanced.

Among these, as Rf*°", a fluorinated hydrocarbon group of
1 to 5 carbon atoms is preferable, and a methyl group,
—CH,—CF,, —CH,—CF,—CF,, —CH(CF,),, —CH,—
CH,—CF,, and —CH,—CH,—CF,—CF,—CF,—CF, are
most preferable.
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The weight average molecular weight (Mw) (the polysty-
rene equivalent value determined by gel permeation chroma-
tography) of the component (F) is preferably 1,000 to 50,000,
more preferably 5,000 to 40,000, and most preferably 10,000
to 30,000. When the weight average molecular weight is no
more than the upper limit of the above-mentioned range, the
resist composition exhibits a satisfactory solubility in a resist
solvent. On the other hand, when the weight average molecu-
lar weight is at least as large as the lower limit of the above-
mentioned range, dry etching resistance and the cross-sec-
tional shape of the resist pattern becomes satisfactory.

Further, the dispersity (Mw/Mn) of the component (F) is
preferably 1.0 to 5.0, more preferably 1.0 to 3.0, and most
preferably 1.2 to 2.5.

As the component (F), one type may be used alone, or two
or more types may be used in combination.

The component (F) is typically used in an amount within a
range from 0.5 to 10 parts by weight, relative to 100 parts by
weight of the component (A).

If desired, other miscible additives can also be added to the
resist composition of the present invention. Examples of such
miscible additives include additive resins for improving the
performance of the resist film, dissolution inhibitors, plasti-
cizers, stabilizers, colorants, halation prevention agents, and
dyes.

[Component (S)]

The resist composition for immersion exposure according
to the present invention can be prepared by dissolving the
materials for the resist composition in an organic solvent
(hereafter, frequently referred to as “component (S)”).

The component (S) may be any organic solvent which can
dissolve the respective components to give a uniform solu-
tion, and one or more kinds of any organic solvent can be
appropriately selected from those which have been conven-
tionally known as solvents for a chemically amplified resist.

Examples thereof include lactones such as y-butyrolac-
tone; ketones such as acetone, methyl ethyl ketone (MEK),
cyclohexanone, methyl-n-pentyl ketone (2-heptanone) and
methyl isopentyl ketone; polyhydric alcohols, such as ethyl-
ene glycol, diethylene glycol, propylene glycol and dipropy-
lene glycol; compounds having an ester bond, such as ethyl-
ene glycol monoacetate, diethylene glycol monoacetate,
propylene glycol monoacetate, and dipropylene glycol
monoacetate; polyhydric alcohol derivatives including com-
pounds having an ether bond, such as a monoalkylether (e.g.,
monomethylether, monoethylether, monopropylether or
monobutylether) or monophenylether of any of these polyhy-
dric alcohols or compounds having an ester bond (among
these, propylene glycol monomethyl ether acetate (PGMEA)
and propylene glycol monomethyl ether (PGME) are prefer-
able); cyclic ethers such as dioxane; esters such as methyl
lactate, ethyl lactate (EL), methyl acetate, ethyl acetate, butyl
acetate, methyl pyruvate, ethyl pyruvate, methyl methox-
ypropionate, and ethyl ethoxypropionate; aromatic organic
solvents such as anisole, ethylbenzylether, cresylmethylether,
diphenylether, dibenzylether, phenetole, butylphenylether,
ethylbenzene, diethylbenzene, pentylbenzene, isopropylben-
zene, toluene, xylene, cymene and mesitylene; and dimeth-
ylsulfoxide (DMSO).

These solvents can be used individually, or in combination
as a mixed solvent.

Among these, PGMEA, PGME, y-butyrolactone and EL.
are preferable.

Further, among the mixed solvents, a mixed solvent
obtained by mixing PGMEA with a polar solvent is prefer-
able. The mixing ratio (weight ratio) of the mixed solvent can
be appropriately determined, taking into consideration the
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compatibility of the PGMEA with the polar solvent, but is
preferably in the range of 1:9 to 9:1, more preferably from 2:8
to 8:2.

Specifically, when EL or cyclohexanone is mixed as the
polar solvent, the PGMEA:EL or cyclohexanone weight ratio
is preferably from 1:9 to 9:1, and more preferably from 2:8 to
8:2. Alternatively, when PGME is mixed as the polar solvent,
the PGMEA:PGME weight ratio is preferably from 1:9t0 9:1,
more preferably from 2:8 to 8:2, and still more preferably 3:7
to 7:3.

Further, as the component (S), a mixed solvent of at least
one of PGMEA and EL with y-butyrolactone is also prefer-
able. The mixing ratio (former:latter) of such a mixed solvent
is preferably from 70:30 to 95:5.

The amount of the component (S) is not particularly lim-
ited, and is appropriately adjusted to a concentration which
enables coating of a coating solution to a substrate In general,
the organic solvent is used in an amount such that the solid
content of the resist composition becomes within the range
from 1 to 20% by weight, and preferably from 2 to 15% by
weight.

<<Compound>> <<First Compound>>

The compound (B11) according to the present invention is
represented by general formula (B11) shown below.

[Chemical Formula 69]

(B11)

Rb!
S® ©
UCININ X11
b11-1
RblOZ ( )
RblOl_YbIOI_VbIOI S(%
F

(b11-2)
RblO4_LblOl_VblOZ_SO2

\o
N

RblOS_LblOZ_VblO3_SO2

(b11-3)
RblOG_Lb103

Rb107_Lb104_(?

RblOS_LbIOS

In formula (B11), Rb' represents an electron withdrawing
group; Rb® and Rb* each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb* may be mutually bonded to form a ring with the
sulfur atom; and X117 is a counteranion represented by any
one of formulae (b11-1) to (b11-3).

In formulae (b11-1) to (b11-3), Rb*®!, Rb'** and Rb'°®
each independently represents a cyclic group which may have
a substituent or a chain-like alkenyl group which may have a
substituent; Rb'°% to Rb'°® each independently represents a
cyclic group which may have a substituent, a chain-like alkyl
group which may have a substituent or a chain-like alkenyl
group which may have a substituent; provided that Rb'** and
Rb'°® may be mutually bonded to form a ring; Rb'°% and
Rb'°7 may be mutually bonded to form a ring; Rb'°* repre-

10

15

20

25

30

35

40

45

50

55

60

120

sents a fluorine atom or a fluorinated alkyl group of 1 to 5
carbon atoms; Yb'°! represents a single bond or a divalent
linking group containing an oxygen atom; Vb'°! to Vb'©?
each independently represents a single bond, an alkylene
group or a fluorinated alkylene group; L'°* and L'°* each
independently represents a single bond or an oxygen atom;
Lb'% to Lb'% each independently represents a single bond,
—CO—or —SO,—.

In general formula (B11), Rb*, Rb* and Rb? are the same as
defined for Rb', Rb? and Rb> in the aforementioned general
formula (mO0).

In general formula (B11), X11~ is a counteranion repre-
sented by any one of formulae (b11-1) to (b11-3).

In formulae (b11-1) to (b11-3), Rb*®!, Rb'°* and Rb'°*
each independently represents a cyclic group which may have
a substituent or a chain-like alkenyl group which may have a
substituent;

The cyclic group which may have a substituent or the
chain-like alkenyl group represented by Rb'°!, Rb'®* or
Rb'° is the same as defined for the cyclic group which may
have a substituent or the chain-like alkenyl group represented
by R*®! R'**or R'°? in the aforementioned general formulae
(b-1) to (b-3).

In formula (b11-3), Rb'°® to Rb'°® each independently
represents a cyclic group which may have a substituent, a
chain-like alkyl group which may have a substituent or a
chain-like alkenyl group which may have a substituent. The
cyclic group which may have a substituent, the chain-like
alkyl group which may have a substituent or the chain-like
alkenyl group which may have a substituent represented by
any of Rb'°® to Rb'°® is the same as defined for the cyclic
group which may have a substituent, the chain-like alkyl
group which may have a substituent or the chain-like alkenyl
group which may have a substituent represented by any of
R'¢ to R'°® in the aforementioned general formulae (b-1) to
(b-3).

Rb'%* and Rb'® may be mutually bonded to form a ring.

Rb'°% and Rb'°” may be mutually bonded to form a ring.

Rb'°? represents a fluorine atom or a fluorinated alkyl
group of 1 to 5 carbon atoms;

Yb'°* represents a single bond or a divalent linking group
containing an oxygen atom. The single bond or the divalent
linking group containing an oxygen atom represented by
Yb'%!is the same as defined for the single bond or the divalent
linking group containing an oxygen atom represented by Y*©*
in the aforementioned general formulae (b-1) to (b-3).

Vb to Vb'?® each independently represents a single
bond, an alkylene group or a fluorinated alkylene group. The
single bond, an alkylene group or a fluorinated alkylene group
represented by any of Vb'°* to Vb is the same as defined for
the single bond, an alkylene group or a fluorinated alkylene
group represented by any of V'°! to V'°? in the aforemen-
tioned general formulae (b-1) to (b-3).

Lb'! and Lb'°? each independently represents a single
bond or an oxygen atom.

Lb'% to Lb'® each independently represents a single
bond, —CO— or —SO,—.

Specific examples of the compound (B11) are shown
below.
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-continued

[Chemical Formula 70]
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CFs The compound (B11) may be produced by a production
method described below.
0 60
O
s® [Chernical Formula 71]
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Rb!
(CH3)3SiCl  or (CH3)3SiCF3S04
Grignard Reaction 5
MgA
Rb!
) 10
X'11 MX11
® Double
P S ~ Decomposition
Rb? Rb3
(1) 15
Rb!
® © 20
S X11
7~
Rp>” Ry
(B11)
25

In the above reaction formula, A represents a halogen
atom; X'117 represents C1~ or a trifluoromethanesulfonate
anion; MX represents a salt containing an alkali metal cation
(such as a lithium ion, a sodium ion or a potassium ion) or an
ammonium cation (which may have a substituent) and a coun-
teranion represented by any one of formulae (b11-1) to (b11-
3).

Rb?, Rb? Rb® and X11~ are the same as defined in the
aforementioned formula (B11).

For example, as shown above, X'11~ can be changed to the
anion (X117) of the compound (B11) by a double decompo-
sition reaction.

In the above reaction formula, the first reaction may be
conducted in the absence of a solvent, or in an organic solvent
(a typical solvent used in Grignard reaction, such as tetrahy-
drofuran, chloroform or dichloromethane) if desired. The
reaction temperature depends on the boiling point of the
solvent used, but is about —20 to 150° C. The reaction time is
about 1 hour to several tens of hours.

The second reaction may be conducted in succession to the
first reaction, or conducted after separating the precursor (and
puritying if desired). The precursor and the aqueous solution
of the salt (MX11) are mixed together and stirred, so as to
effect a double decomposition reaction. Then, the precipi-
tated solid is separated by filtration, or the separated oily
substance is extracted with an organic solvent to remove the
organic solvent, thereby obtaining the compound (B11) in the
form of a solid or a viscous liquid. The obtained solid or
viscous liquid may be washed with an appropriate organic
solvent, or purified by recrystallization or column chroma-
tography.

The chemical structure of the compound (B11) can be
identified by a general analytical method (e.g., "H—, 'B—,
13C—, ¥*F—, *'P-nuclear magnetic resonance spectroscopy,
infrared spectroscopy and/or elemental analysis).

<<Polymeric Compound>> <<First Compound>>
The polymeric compound (A0-B11) (hereafter, referred to
as “component (A0-B11)” includes a structural unit derived

from a compound (B11-01) shown below (hereafter, referred
to as “structural unit (a0-b11)”).
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[Chemical Formula 72]
(B11-01)
Rb!
®
S )
R2” RB X11-1
(b11-01-1)
RblOZ
©
RbZOl_YbIOI_VbIOI SO3

F
(b11-01-2)
RbZO4_LblOl_VblOZ_SO2

o
N

RbZOS_LblOZ_VblOS_SO2

(b11-01-3)
RblOG_Lb103

RbZO7_Lb104_Ce

RbZOS_ LblOS

In formula (B11-01), Rb* represents an electron withdraw-
ing group; Rb? and Rb* each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb®> may be mutually bonded to form a ring with the
sulfur atom; and X11-17 is a counteranion represented by any
one of formulae (b11-01-1) to (b1-01-3).

In formulae (b11-01-1) to (b11-01-3),

Rb2°! represents a chain-like alkenyl group which may
have a substituent;

Rb>** and Rb** each independently represents a cyclic
group which may have a substituent or a chain-like alkenyl
group which may have a substituent (provided that at least one
of Rb*** and Rb*** represents a chain-like alkenyl group
which may have a substituent);

Rb>°® to Rb2°® each independently represents a cyclic
group which may have a substituent, a chain-like alkyl group
which may have a substituent or a chain-like alkenyl group
which may have a substituent (provided that at least one of
Rb2°¢ to Rb>*® represents a chain-like alkenyl group which
may have a substituent);

Rb'°? represents a fluorine atom or a fluorinated alkyl
group of 1 to 5 carbon atoms; Yb'°* represents a single bond
or a divalent linking group containing an oxygen atom; Vb*°*
to Vb'% each independently represents a single bond, an
alkylene group or a fluorinated alkylene group; L'°! and L'°>
each independently represents a single bond or an oxygen
atom; Lb*® and Lb'°® each independently represents a single
bond, —CO— or —SO,—.

In formula (B11-01), Rb', Rb* and Rb> are the same as
defined for Rb', Rb? and Rb> in the aforementioned general
formula (mO0).

Rb>°! represents a chain-like alkenyl group which may
have a substituent, and is the same as defined for the alkenyl
group which may have a substituent represented by R'°*.

Rb>** and Rb**® each independently represents a cyclic
group which may have a substituent or a chain-like alkenyl
group which may have a substituent (provided that at least one
of Rb*** and Rb?** represents a chain-like alkenyl group
which may have a substituent);
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Rb*°® to Rb>°® each independently represents a cyclic
group which may have a substituent, a chain-like alkyl group
which may have a substituent or a chain-like alkenyl group
which may have a substituent (provided that at least one of
Rb*°% to Rb*°® represents a chain-like alkenyl group which
may have a substituent);

Rbloz,YBIOI,Vb101 tOVblos, LIOI, L2 4nd Lb!% to Lb103
are the same as defined above.

In formulae (b11-01-1) to (b11-01-3), in the case where at
least one of Rb*°!, Rb>** and Rb*“°, and at least one of Rb>¢
to Rb3°® is a chain-like alkenyl group which may have a
substituent, (CH;)C—CH— (a propenyl group) or
H,C—CH— (a vinyl group) is preferable. In the case of a
chain-like alkenyl group which may have a substituent, the
vinyl group or the propenyl group preferably has a divalent
group bonded thereto. Examples ofthe divalent group include
an ester bond, an ether bond, an amide bond, a urethane bond,
an alkylene group, a (poly)cycloalkylene group, a fluorinated
alkylene group, an arylene group, or a combination thereof.

Examples of the structural unit (a0-b11) include a struc-
tural unit represented by any of general formulae (a0-b11-1)
to (a0-b11-3) shown below.

[Chemical Formula 73]

(a0-b11-1)
RC(

Rb!

®
N

Rb Rb?

(a0-b11-2)

Rb!

Vb103

LblOZ

LN

Rb!®  Rb Rb?

(a0-b11-3)

Rb!

@

S
7~
Rb2T Rp?

In the formulae, R%, Rb', Rb2, Rb3?, Rb1°%, Rb1%%, Rb1%®,
Yb'L Vb to Vb2 LI L1° Lb'® to Lb'? are the same
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as defined above; and L'* to L'? each independently repre-
sents a single bond or a divalent linking group.

In the formulae, L' to L'® are preferably a single bond or
a divalent linking group, more preferably an ester bond, an
alkylene group of 1 to 10 carbon atoms, a (poly)cycloalkylene
group of 5 to 30 carbon atoms, an arylene group of 6 to 10
carbon atoms, or a combination thereof.

Specific examples of the structural units (a0-b11-1)to (a0-
b11-3) include the structural units described above as specific
examples of the structural unit (a6) in which the cation moiety
has been replaced by any of the formulae (a0-b11-1) to (a0-
b11-3).

As the structural unit (a0-b11) contained in the component
(A0-B11), 1 type of structural unit may be used, or 2 or more
types may be used.

As the structural unit (a0-b11), a structural unit represented
by general formula (a0-b11-1) or (a0-b11-2) is preferable.

The amount of the structural unit (a0-b11) within the com-
ponent (A0-B11) based on the combined total of all structural
units constituting the component (A0-B11) is preferably 0.5
to 30 mol %, more preferably 1 to 20 mol %, and still more
preferably 1.5 to 15 mol %.

When the amount of the structural unit (a0-b11) is at least
as large as the lower limit of the above-mentioned range, the
effects of the present invention can be enhanced. In addition,
it is presumed that the solubility in a solvent and sensitivity
are also improved. On the other hand, when the amount of the
structural unit (a0-b11) is no more than the upper limit of the
above-mentioned range, a good balance can be achieved with
the other structural units, and the lithography properties can
be improved.

The component (A0-B11) may include other structural
units. Examples of the other structural units include the afore-
mentioned structural units (al), (a2), (a3), (a4) and (a6).
Further, the component (A0-B11) may include a structural
unit (a0-d11) described later.

The component (A0-B11) is preferably a copolymer
including a structural unit (a0-b11) and a structural unit (al).
The copolymer containing the structural units (a0-b11) and
(al) is preferably a copolymer further containing a structural
unit (a2) or (a3), and still more preferably a copolymer con-
taining the structural units (a0-b11), (al), (a2) and (a3).

In the present invention, the weight average molecular
weight (Mw) (the polystyrene equivalent value determined
by gel permeation chromatography) of the component (AO-
B11) is not particularly limited, but is preferably 1,000 to
50,000, more preferably 1,500 to 30,000, and most preferably
2,000 to 20,000. When the weight average molecular weight
is no more than the upper limit of the above-mentioned range,
the resist composition exhibits a satisfactory solubility in a
resist solvent. On the other hand, when the weight average
molecular weight is at least as large as the lower limit of the
above-mentioned range, dry etching resistance and the cross-
sectional shape of the resist pattern becomes satisfactory.

Further, the dispersity (Mw/Mn) of the component (AO-
B11) is not particularly limited, but is preferably 1.0 to 5.0,
more preferably 1.0 to 3.0, and most preferably 1.2 to 2.5.
Here, Mn is the number average molecular weight.

<<Fourth Resist Composition>>

The fourth resist composition of the present embodiment
includes the aforementioned polymeric compound (A0-B11).
The fourth resist composition of the present embodiment may
include the components (A), (B), (D), (E), (F) and/or (S), and
preferably includes the component (D). The component (D)
preferably included in the fourth resist composition prefer-
ably contains a compound (DO) represented by the aforemen-
tioned general formula (dO).
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In the fourth resist composition, as the component (A0-
B11), one type may be used, or two or more types of com-
pounds may be used in combination. The component (AO-
B11) may be used as a base component or an additive
component.

In the case where the component (A0-B11) is used as the
base component, the amount of the component (A0-B11)
based on the total weight of the component (A) is preferably
25% by weight or more, more preferably 50% by weight or
more, still more preferably 75% by weight or more, and may
be even 100% by weight. When the amount is 25% by weight
or more, the effects of the present invention are improved. In
addition, it is presumed that the solubility in a solvent and
sensitivity are also improved. In the case where the compo-
nent (A0-B11) is used as an additive, the amount of the
component (A0-B11) relative to 100 parts by weight of the
component (A) is preferably 0.5 to 20 parts by weight.

<<Compound>>

The second compound according to the present embodi-
ment is the compound (D11) shown below.

[Chemical Formula 74]

(D11
Rb!

S@
27N g

Rb X21

d11-1)

o

C
Rd” \8

(d11-2)
Rdzo—sog9

@d11-3)
0,
10

Yd S
7
Ra% \N/ \Rd30
o

In formula (D11), Rb' represents an electron withdrawing
group; Rb* and Rb> each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb> may be mutually bonded to form a ring with the
sulfur atom; and X217 is a counteranion represented by any
one of formulae (d11-1) to (d11-3).

In formula (d11-1), Rd'® represents a cyclic group which
may have a substituent, a chain-like alkyl group which may
have a substituent or a chain-like alkenyl group which may
have a substituent;

In formula (d1-2), Rd*° represents a chain-like alkenyl
group which may have a substituent, a chain-like alkyl group
which may have a substituent or an aliphatic cyclic group
which may have a substituent (provided that 10-camphorsul-
fonate is excluded from formula (d11-2));

in formula (d11-3), Rd*® and Rd*° each independently rep-
resents a cyclic group which may have a substituent, a chain-
like alkyl group which may have a substituent or a chain-like
alkenyl group which may have a substituent;

provided that, the carbon atom adjacent to the S atom
within the Rd*° group in formula (d11-2) has no fluorine atom
bonded thereto; Yd'° represents a single bond or a divalent
linking group.
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Informula (D11), Rb*, Rb? and Rb> are the same as defined
for Rb', Rb? and Rb? in the aforementioned general formula
(m0).
In formula (D11), X217 is a counteranion represented by
any one of formulae (d11-1) to (d11-3).

In formula (d11-1), Rd'° represents a cyclic group which
may have a substituent, a chain-like alkyl group which may
have a substituent or a chain-like alkenyl group which may
have a substituent, and is the same groups as those defined
above for Rd".

In formula (d11-2), Rd*® represents a chain-like alkenyl
group which may have a substituent, a chain-like alkyl group
which may have a substituent or an aliphatic cyclic group
which may have a substituent (provided that 10-camphorsul-
fonate is excluded from formula (d11-2)), and is the same as
defined for Rd?;

provided that, the carbon atom adjacent to the S atom
within the Rd*° group in formula (d11-2) has no fluorine atom
bonded thereto;

In formula (d11-3), Rd*° and Rd*° represents a cyclic
group which may have a substituent, a chain-like alkyl group
which may have a substituent or a chain-like alkenyl group
which may have a substituent, and is the same groups as those
defined above for Rd® and Rd*.

Yd'° represents a single bond or a divalent linking group,
and is the same as defined for Yd'.

Specific examples of the compound (D11) are shown
below.
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The compound (D11) may be produced by a production
method described below.
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[Chemical Formula 77]
Rb!
+ X'21 —_—
® €] @
- S . X11
Rb Rb
(B11)
Rb!
P Sg xo®
Rb? Rb?

D11

In the reaction formula, the compound (X'21) of formula
(2) is an acid derived from a counteranion represented by any
one of formulae (d11-1) to (d11-3) (a compound in which H*
is added to an anion group represented by any one of formulae
(d11-1) to (d11-3)).

Rb', Rb? Rb?, X11~ and X21~ are the same as defined in
the aforementioned formula £ (B11) or (D11).

In the above reaction, the method for reacting the com-
pound (B11) with the compound (2) to obtain the compound
(D11) is not particularly limited, but can be performed, for
example, by dissolving the compound (2) in a suitable organic
solvent and water in the presence of a suitable alkali metal
hydroxide, followed by addition of the compound (B11) and
stirring.

The alkali metal hydroxide used in the above reaction is not
particularly limited, and examples thereof include sodium
hydroxide and potassium hydroxide. Alternatively, an ammo-
nium hydroxide such as TMAH (which may have a substitu-
ent) may be used.

Examples of the organic solvent usable in the above reac-
tion include dichloromethane, chloroform and ethyl acetate.

In the above reaction, the reaction time depends on the
reactivity of the compounds (B11) and (2), the reaction tem-
perature or the like. However, in general, the reaction time is
preferably 0.5 to 80 hours.

The reaction temperature in the above reaction is prefer-
ably 20 to 200° C.

After the reaction, the compound (D11) contained in the
reaction mixture may be separated and purified. Like in the
case of the compound (B11), the separation and purification
can be conducted by a conventional method. For example,
any one of concentration, solvent extraction, distillation,
crystallization, recrystallization and chromatography can be
used alone, or two or more of these methods may be used in
combination.

Like in the case of the compound (B11), the chemical
structure of the compound (D11) can be identified by a gen-
eral method.

<<Polymeric Compound>>

<Second Polymeric Compound>

The polymeric compound (A0-D11) (hereafter, referred to
as “component (A0-D11)” includes a structural unit derived
from a compound (D11-01) shown below (hereafter, referred
to as “structural unit (a0-d11)”).
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[Chemical Formula 78]

(D11-01)
Rb!

©
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R Rp?
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I
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Rq100” \8
(d11-01-2)
RdZOO—soga
(d11-01-3)
47 S

Y
Rd400/ N Rd300
(S]

In formula (D11-01), Rb* represents an electron withdraw-
ing group; Rb*and Rb* each independently represents an aryl
group, an alkyl group or an alkenyl group, provided that Rb>
and Rb®> may be mutually bonded to form a ring with the
sulfur atom; and X21-17 is a counteranion represented by any
one of formulae (d11-01-1) to (d11-01-3);

in formula (d11-01-1), Rd'®° represents a chain-like alk-
enyl group which may have a substituent;

in formula (d11-01-2), Rd*°° represents a chain-like alk-
enyl group which may have a substituent;

in formula (d11-01-3), at least one of Rd*°® and Rd**°
represents a chain-like alkenyl group which may have a sub-
stituent;

provided that, the carbon atom adjacent to the S atom
within the Rd*°° group in formula (d11-01-2) has no fluorine
atom bonded thereto; Yd'° represents a single bond or a
divalent linking group.

In formula (D11-01), Rb*, Rb* and Rb> are the same as
defined for Rb', Rb* and Rb? in the aforementioned general
formula (mO0).

In formula (D11-01), X21~ is a counteranion represented
by any one of formulae (d11-01-1) to (d11-01-3).

in formula (d11-01-1), Rd'°° represents a chain-like alk-
enyl group which may have a substituent;

in formula (d11-01-2), Rd*°° represents a chain-like alk-
enyl group which may have a substituent;

in formula (d11-01-3), at least one of Rd*°® and Rd**°
represents a chain-like alkenyl group which may have a sub-
stituent;

provided that, the carbon atom adjacent to the S atom
within the Rd**° group in formula (d11-2) has no fluorine
atom bonded thereto; Yd'° represents a single bond or a
divalent linking group.

In formulae (d11-01-1) to (d11-01-3), in the case where at
least one of Rd*°°, Rd?°°, Rd*°° and Rd*® is a chain-like
alkenyl group which may have a substituent, (CH;)C—CH—
(a propenyl group) or H,C—CH— (a vinyl group) is prefer-
able. In the case ofa chain-like alkenyl group which may have
a substituent, the vinyl group or the propenyl group prefer-
ably has a divalent group bonded thereto. Examples of the
divalent group include an ester bond, an ether bond, an amide
bond, a urethane bond, an alkylene group, a (poly)cycloalky-
lene group, an arylene group, or a combination thereof.

Examples of the structural unit (a0-d11) include a struc-
tural unit represented by any of general formulae (a0-d11-1)
to (a0-d11-3) shown below.
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[Chemical Formula 79]
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In the formulae, R*, Rb!, Rb? Rb*, Rd'°%, Rd?°, Rd>°, Rd*°
and Yd'° are the same as defined above; L' to L? each inde-
pendently represents a single bond or a divalent linking
group.

In the formulae, L' to L? are preferably a single bond or a
divalent linking group, more preferably an ester bond, an
alkylene group of 1 to 10 carbon atoms, a (poly)cycloalkylene
group of 5 to 30 carbon atoms, an arylene group of 6 to 10
carbon atoms, or a combination thereof.

As the structural unit (a0-d11) contained in the component
(A0-D11), 1 type of structural unit may be used, or 2 or more
types may be used.

The amount of the structural unit (a0-d11) within the com-
ponent (A0-D11) based on the combined total of all structural
units constituting the component (A0-D11) is preferably 0.5
to 30 mol %, more preferably 1 to 20 mol %, and still more
preferably 1.5 to 15 mol %.

When the amount of the structural unit (a0-d11) is at least
as large as the lower limit of the above-mentioned range, the
effects of the present invention can be enhanced. In addition,
it is presumed that the solubility in a solvent is also improved.
On the other hand, when the amount of the structural unit (a6)
is no more than the upper limit of the above-mentioned range,
a good balance can be achieved with the other structural units,
and the lithography properties can be improved.

The component (A0-D11) may include other structural
units. Examples of the other structural units include the afore-
mentioned structural units (al), (a2), (a3), (a4) and (a6).
Further, the component (A0-D11) may include the aforemen-
tioned structural unit (a0-b11).

The component (A0-D11) is preferably a copolymer
including a structural unit (a0-d11) and a structural unit (al).
The copolymer containing the structural units (a0-d11) and
(al) is preferably a copolymer further containing a structural
unit (a2) or (a3), and still more preferably a copolymer con-
taining the structural units (a0-d11), (al), (a2) and (a3).
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In the present invention, the weight average molecular
weight (Mw) (the polystyrene equivalent value determined
by gel permeation chromatography) of the component (AO-
D11) is not particularly limited, but is preferably 1,000 to
50,000, more preferably 1,500 to 30,000, and most preferably
2,000 to 20,000. When the weight average molecular weight
is no more than the upper limit of the above-mentioned range,
the resist composition exhibits a satisfactory solubility in a
resist solvent. On the other hand, when the weight average
molecular weight is at least as large as the lower limit of the
above-mentioned range, dry etching resistance and the cross-
sectional shape of the resist pattern becomes satisfactory.

Further, the dispersity (Mw/Mn) of the component (AO-
D11) is not particularly limited, but is preferably 1.0 to 5.0,
more preferably 1.0 to 3.0, and most preferably 1.2 to 2.5.
Here, Mn is the number average molecular weight.

(Production Method of First and Second Polymeric Com-
pound)

The polymeric compounds according to the third and sixth
embodiment can be obtained by a conventional polymeriza-
tion method, for example, dissolving the monomers corre-
sponding with each of the structural units in a polymerization
solvent, followed by addition of a radical polymerization
initiator such as azobisisobutyronitrile (AIBN) (e.g., V-601).

<<Fifth Resist Composition>>

The fifth resist composition of the present embodiment
includes the aforementioned polymeric compound (AO-
D11). The fifth resist composition of the present embodiment
may include the components (A), (B), (D), (E), (F) and/or (S),
and preferably includes the component (B). The component
(B) preferably included in the fifth resist composition prefer-
ably contains a compound (BO) represented by the aforemen-
tioned general formula (b0).

In the fifth resist composition, as the component (A0-D11),
one type may be used, or two or more types of compounds
may be used in combination. The component (A0-D11) may
be used as a base component or an additive component.

In the case where the component (A0-D11) is used as the
base component, the amount of the component (A0-D11)
based on the total weight of the component (A) is preferably
25% by weight or more, more preferably 50% by weight or
more, still more preferably 75% by weight or more, and may
be even 100% by weight. When the amount is 25% by weight
or more, the effects of the present invention are improved. In
addition, it is presumed that the solubility in a solvent is also
improved. In the case where the component (A0-D11) is used
as an additive, the amount of the component (A0-D11) rela-
tive to 100 parts by weight of the component (A) is preferably
0.5 to 20 parts by weight.

The resist composition of the present invention includes a
compound or polymeric compound containing a cation moi-
ety having an electron withdrawing group on a specific bond-
ing position (meta position) and exhibiting an excellent solu-
bility in a solvent. As a result, the resist composition exhibits
excellent lithography properties such as Eop, EL. margin,
MEEF and LWR.

<<Method of Forming a Resist Pattern>>

The method of forming a resist pattern according to an
eighth aspect of the present invention includes: forming a
resist film on a substrate using a resist composition of the
present invention; conducting exposure of the resist film; and
developing the resist film to form a resist pattern.

The method for forming a resist pattern according to the
present invention can be performed, for example, as follows.

Firstly, a resist composition of the present invention is
applied to a substrate using a spinner or the like, and a bake
treatment (post applied bake (PAB)) is conducted at a tem-
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perature of 80 to 150° C. for 40 to 120 seconds, preferably 60
to 90 seconds, to form a resist film.

Following selective exposure of the thus formed resist film,
either by exposure through a mask having a predetermined
pattern formed thereon (mask pattern) using an exposure
apparatus such as an ArF exposure apparatus, an electron
beam lithography apparatus or an EUV exposure apparatus,
or by patterning via direct irradiation with an electron beam
without using a mask pattern, baking treatment (post expo-
sure baking (PEB)) is conducted under temperature condi-
tions 0of 80to 150° C. for 40 to 120 seconds, and preferably 60
to 90 seconds.

Next, the resist film is subjected to a developing treatment.

The developing treatment is conducted using an alkali
developing solution in the case of an alkali developing pro-
cess, and a developing solution containing an organic solvent
(organic developing solution) in the case of a solvent devel-
oping process.

After the developing treatment, it is preferable to conduct a
rinse treatment. The rinse treatment is preferably conducted
using pure water in the case of an alkali developing process,
and a rinse solution containing an organic solvent in the case
of a solvent developing process.

In the case of a solvent developing process, after the devel-
oping treatment or the rinsing, the developing solution or the
rinse liquid remaining on the pattern can be removed by a
treatment using a supercritical fluid.

After the developing treatment or the rinse treatment, dry-
ing is conducted. If desired, bake treatment (post bake) can be
conducted following the developing. In this manner, a resist
pattern can be obtained.

The substrate is not specifically limited and a convention-
ally known substrate can be used. For example, substrates for
electronic components, and such substrates having wiring
patterns formed thereon can be used. Specific examples of the
material of the substrate include metals such as silicon wafer,
copper, chromium, iron and aluminum; and glass. Suitable
materials for the wiring pattern include copper, aluminum,
nickel, and gold.

Further, as the substrate, any one of the above-mentioned
substrates provided with an inorganic and/or organic film on
the surface thereof may be used. As the inorganic film, an
inorganic antireflection film (inorganic BARC) can be used.
As the organic film, an organic antireflection film (organic
BARC) and an organic film such as a lower-layer organic film
used in a multilayer resist method can be used.

Here, a “multilayer resist method” is method in which at
least one layer of an organic film (lower-layer organic film)
and at least one layer of a resist film (upper resist film) are
provided on a substrate, and a resist pattern formed on the
upper resist film is used as a mask to conduct patterning of the
lower-layer organic film. This method is considered as being
capable of forming a pattern with a high aspect ratio. More
specifically, in the multilayer resist method, a desired thick-
ness can be ensured by the lower-layer organic film, and as a
result, the thickness of the resist film can be reduced, and an
extremely fine pattern with a high aspect ratio can be formed.

The multilayer resist method is broadly classified into a
method in which a double-layer structure consisting of an
upper-layer resist film and a lower-layer organic film is
formed (double-layer resist method), and a method in which
amultilayer structure having at least three layers consisting of
an upper-layer resist film, a lower-layer organic film and at
least one intermediate layer (thin metal film or the like) pro-
vided between the upper-layer resist film and the lower-layer
organic film (triple-layer resist method).
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The wavelength to be used for exposure is not particularly
limited and the exposure can be conducted using radiation
such as ArF excimer laser, KrF excimer laser, F, excimer
laser, extreme ultraviolet rays (EUV), vacuum ultraviolet rays
(VUV), electron beam (EB), X-rays, and soft X-rays. The
resist composition of the present invention is effective to KrF
excimer laser, ArF excimer laser, EB and EUV.

The exposure of the resist film can be either a general
exposure (dry exposure) conducted in air or an inert gas such
as nitrogen, or immersion exposure (immersion lithography).

In immersion lithography, the region between the resist
film and the lens at the lowermost point of the exposure
apparatus is pre-filled with a solvent (immersion medium)
that has a larger refractive index than the refractive index of
air, and the exposure (immersion exposure) is conducted in
this state.

The immersion medium preferably exhibits a refractive
index larger than the refractive index of air but smaller than
the refractive index of the resist film to be exposed. The
refractive index of the immersion medium is not particularly
limited as long as it satisfies the above-mentioned require-
ments.

Examples of this immersion medium which exhibits a
refractive index that is larger than the refractive index of air
but smaller than the refractive index of'the resist film include
water, fluorine-based inert liquids, silicon-based solvents and
hydrocarbon-based solvents.

Specific examples of the fluorine-based inert liquids
include liquids containing a fluorine-based compound such as
C,HCLF,, C ,F,;,OCH;, C,F;OC,H or C;H,F, as the main
component, which have a boiling point within a range from 70
to 180° C. and preferably from 80 to 160° C. A fluorine-based
inert liquid having a boiling point within the above-men-
tioned range is advantageous in that the removal of the
immersion medium after the exposure can be conducted by a
simple method.

As a fluorine-based inert liquid, a perfluoroalkyl com-
pound in which all of the hydrogen atoms of the alkyl group
are substituted with fluorine atoms is particularly desirable.
Examples of these perfluoroalkyl compounds include per-
fluoroalkylether compounds and perfluoroalkylamine com-
pounds.

Specifically, one example of a suitable perfluoroalkylether
compound is perfluoro(2-butyl-tetrahydrofuran) (boiling
point 102° C.), and an example of a suitable perfluoroalky-
lamine compound is perfluorotributylamine (boiling point
174° C.).

As the immersion medium, water is preferable in terms of
cost, safety, environment and versatility.

As an example of the alkali developing solution used in an
alkali developing process, a 0.1 to 10% by weight aqueous
solution of tetramethylammonium hydroxide (TMAH) can
be given.

As the organic solvent contained in the organic developing
solution used in a solvent developing process, any of the
conventional organic solvents can be used which are capable
of'dissolving the component (A) (prior to exposure). Specific
examples of the organic solvent include polar solvents such as
ketone solvents, ester solvents, alcohol solvents, amide sol-
vents and ether solvents, and hydrocarbon solvents.

If desired, the organic developing solution may have a
conventional additive blended. Examples of the additive
include surfactants. The surfactant is not particularly limited,
and for example, an ionic or non-ionic fluorine and/or silicon
surfactant can be used.

When a surfactant is added, the amount thereof based on
the total amount of the organic developing solution is gener-
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ally 0.001 to 5% by weight, preferably 0.005 to 2% by weight,
and more preferably 0.01 to 0.5% by weight.

The developing treatment can be performed by a conven-
tional developing method. Examples thereof include a
method in which the substrate is immersed in the developing
solution for a predetermined time (a dip method), a method in
which the developing solution is cast up on the surface of the
substrate by surface tension and maintained for a predeter-
mined period (a puddle method), a method in which the
developing solution is sprayed onto the surface of the sub-
strate (spray method), and a method in which the developing
solution is continuously ejected from a developing solution
ejecting nozzle while scanning at a constant rate to apply the
developing solution to the substrate while rotating the sub-
strate at a constant rate (dynamic dispense method).

The rinse treatment using a rinse liquid (washing treat-
ment) can be conducted by a conventional rinse method.
Examples of the rinse method include a method in which the
rinse liquid is continuously applied to the substrate while
rotating it at a constant rate (rotational coating method), a
method in which the substrate is immersed in the rinse liquid
for a predetermined time (dip method), and a method in which
the rinse liquid is sprayed onto the surface of the substrate
(spray method).

EXAMPLES

The present invention will be described more specifically
with reference to the following examples, although the scope
of the present invention is by no way limited by these
examples.

Compound Synthesis Example

[Synthesis of Compound 1](1) Synthesis of
3-fluorophenymagnesium bromide

To a reaction vessel purged with nitrogen was added 28.0
parts by weight of magnesium and 62.0 parts by weight of
tetrahydrofuran was added thereto. Separately, 173 parts by
weight of 3-bromofluorobenzene and 330 parts by weight of
tetrahydrofuran were added to a dropping funnel, and the
content of the dropping funnel was dropwise added to the
reaction vessel while maintaining the temperature not to
exceed 60° C. After the dropwise addition, the reaction was
continued at 40 to 60° C. for 1 hour. Then, 710 parts by weight
oftetrahydrofuran was added, thereby obtaining a tetrahydro-
furan solution of 3-fluorophenylmagnesium bromide.

(2) Synthesis of Objective Compound

To a reaction vessel purged with nitrogen was added 66.3
parts by weight of diphenylsulfoxide, 652 parts by weight of
tetrahydrofuran and 510 parts by weight of trimethylsilyltri-
fluoromethanesulfonate, followed by cooling to 5° C. using
an ice bath.

Then, the tetrahydrofuran solution of 3-fluorophenylmag-
nesium bromide synthesized in (1) was cooled to 5° C. using
an ice bath, and dropwise added to the reaction vessel using a
dropping funnel while maintaining the temperature not to
exceed 15° C. After the dropwise addition, the reaction was
continued at 10° C. for 1 hour to complete the reaction.

The resulting solution was added to 3,400 parts by weight
of an ion exchange water cooled to 5° C. using an ice bath
while maintaining the temperature not to exceed 15° C. After
the addition, the solution was stirred at a temperature not
exceeding 25° C. for 1 hour. Thereafter, 3,200 parts by weight
of toluene was added, followed by stirring for 1 hour. The
toluene phase was removed, and the remaining solution was
washed with 1,600 parts by weight of toluene twice. Subse-
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quently, 3,200 parts by weight of dichloromethane was added
and extracted, followed by separating the aqueous phase and
washing the organic phase with 1,200 parts by weight of an
ion exchange water 4 times. The solvent was removed from
the organic phase, and 75.0 parts by weight of dichlo-
romethane was added to the obtained yellow oily residue, so
as to dissolve the residue. The obtained solution was gradu-
ally added to 1,500 parts by weight of diethylether while
stirring, so as to precipitate a pale yellow solid. The solid was
filtered and separated, followed by addition of 480 parts by
weight of dichloromethane to dissolve the solid. To the result-
ing solution was gradually added 650 parts by weight of
diethylether while stirring, so as to precipitate white needle
crystals. The crystals were separated by filtration, followed
by drying under reduced pressure, thereby obtaining 114.0
parts by weight of compound 1 as an objective compound
with a yield of 81% (purity: 99.8% or higher). The product
was identified by 'H-NMR and "F-NMR {'H-NMR,
ds-dimethylsulfoxide, d(ppm); 7.95-7.70 (13H, m), 7.60 (1H,
d)}. {**F-NMR, d,-dimethylsulfoxide, 8(ppm); -74 (3F, s),
-104 (1F, s); internal standard=hexafluorobenzene, —159
(6F, 8)}. The structure of the compound 1 is shown below.

[Chemical Formula 80]

Compound 1

CF3S0.L

[Synthesis of Compound 2](1) Synthesis of
3-fluoromethylphenymagnesium bromide

To a reaction vessel purged with nitrogen was added 19.0
parts by weight of magnesium and 45.0 parts by weight of
tetrahydrofuran was added thereto. Separately, 150 parts by
weight of 3-bromobenzotrifluoride and 222 parts by weight
of tetrahydrofuran were added to a dropping funnel, and the
content of the dropping funnel was dropwise added to the
reaction vessel while maintaining the temperature not to
exceed 60° C. After the dropwise addition, the reaction was
continued at 40 to 60° C. for 1 hour. Then, 477 parts by weight
oftetrahydrofuran was added, thereby obtaining a tetrahydro-
furan solution of 3-trifluoromethylphenylmagenesium bro-
mide.

(2) Synthesis of Objective Compound

To a reaction vessel purged with nitrogen was added 45.0
parts by weight of diphenylsulfoxide, 444 parts by weight of
tetrahydrofuran and 345 parts by weight of trimethylsilyltri-
fluoromethanesulfonate, followed by cooling to 5° C. using
an ice bath. Then, the tetrahydrofuran solution of 3-trifluo-
romethylphenylmagenesium bromide synthesized in (1) was
cooled to 5° C. using an ice bath, and dropwise added to the
reaction vessel using a dropping funnel while maintaining the
temperature not to exceed 15° C. After the dropwise addition,
the reaction was continued at 10° C. for 1 hour to complete the
reaction.

The resulting solution was added to 2,400 parts by weight
of an ion exchange water cooled to 5° C. using an ice bath
while maintaining the temperature not to exceed 15° C. After
the addition, the solution was stirred at a temperature not
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exceeding 25° C. for 1 hour. Thereafter, 2,300 parts by weight
of toluene was added, followed by stirring for 1 hour. The
toluene phase was removed, and the remaining solution was
washed with 1,150 parts by weight of toluene twice. Subse-
quently, 2,300 parts by weight of dichloromethane was added
and extracted, followed by separating the aqueous phase and
washing the organic phase with 850 parts by weight of an ion
exchange water 4 times. The solvent was removed from the
organic phase, and 55.0 parts by weight of dichloromethane
was added to the obtained yellow oily residue, so as to dis-
solve the residue. The obtained solution was gradually added
to 1,050 parts by weight of diethylether while stirring, so as to
precipitate a pale yellow solid. The solid was filtered and
separated, followed by addition of 350 parts by weight of
dichloromethane to dissolve the solid. To the resulting solu-
tion was gradually added 450 parts by weight of diethylether
while stirring, so as to precipitate white needle crystals. The
crystals were separated by filtration, followed by drying
under reduced pressure, thereby obtaining 75.0 parts by
weight of compound 2 as an objective compound with a yield
ot 70% (purity: 99.9% or higher). The product was identified
by 'H-NMR and F-NMR {'H-NMR, d-dimethylsulfox-
ide, 8(ppm); 8.40 (1H, s), 8.20 (1H, d), 8.05-7.70 (12H, m)}.
{**F-NMR, d,-dimethylsulfoxide, 8(ppm); -58 (3F, s), -74
(3F, s); internal standard=hexafluorobenzene, -159 (6F, s)}.
The structure of the compound 2 is shown below.

[Chemical Formula 81]

Compound 2
CF3

CFs80L°

[Synthesis of Compound (1)]

10 g of compound 1 was dissolved in 50 g of dichlo-
romethane. Then, 50 g of water and 9.5 g of compound 3 was
added, followed by stirring for 30 minutes.

Thereafter, the organic solvent phase was subjected to
separation with 50 g of water, and the washing was conducted
3 times. The obtained organic solvent phase was dropwise
added to 500 g of hexane over 60 minutes, followed by
stirring for 30 minutes and filtration. The obtained powder
was dried at room temperature for 12 hours, thereby obtaining
11.5 g of compound (1).

[Chemical Formula 82]
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-continued
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Compound 3
F
153
O C
D
s® ©
S—O0
o? |
[0}

Cy7H23F30453

Mol Wt: 626.66

Compound (1)

Compound (1)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.78 (m, 1H, CH), 4.66
(t, 1H, CH), 3.88 (t, 1H, CH), 3.31-3.36 (m, 1H, CH), 2.47-
2.49 (m, 1H, CH), 1.73-2.21 (m, 4H, CH,)

[Synthesis of Compound (7)]

10 g of compound 1 was dissolved in 50 g of dichlo-
romethane, and 5.53 g of compound 4 and 50 g of a 5%
aqueous tetramethylammonium hydroxide solution were
added, followed by stirring for 30 minutes. Thereafter, the
organic solvent phase was subjected to separation with 50 g of
water, and the washing was conducted 10 times. The obtained
organic solvent phase was dropwise added to 500 g of diiso-
propylether over 60 minutes, followed by stirring for 30 min-
utes and filtration.

The obtained powder was dried at room temperature for 12
hours, thereby obtaining 10.16 g of compound (7).

The NMR analysis results are described later.

[Chemical Formula 83]

F
®
S CF3SO3e +
Compound 1
e}
TMAH
O/YOH CH,Cl,
e}
Compound 4
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Compound (7)

In the same manner as the compound (1), compounds (2) to
(4) and (12) to (14) were synthesized. Further, in the same
manner as the compound (7), compounds (5) to (11) and
(D1-1) were synthesized. The structures of compounds (2) to
(14) and (D1-1) and the results of the "H-NMR analysis are
shown below.

[Chemical Formula 84]

Compound (2)
F
S@
e}
SO;
e
F;
Compound (3)
F
S@
e}
F
O C e
o /\/ \ﬂ/ \SO3
¢}
Compound (4)
F
@
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Y
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w

Compound (5)
10

e}

©/ = WO\)J\OG

[Chemical Formula 85

15
20

Compound (6)

25
S@
0
30 ©/ \© /O\)}\O@
F
35

O'C

45 (6]

Compound (7)

Compound (8)

F
) s
o
s@ C)
e}
i
55
¢}
Compound (9)
F

O
R S
[@]
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[Chemical Formula 86]

Compound (10)

@/ 803

Compound (11)

O,
?’
O/\/SO3

Compound (12)

F2C>
\

SO

<
3

L =R

®

O

S

Q

®

S

O

(S]
3

Compound (13)

Q

®

S

F3

@

. /
Compound (14)
Oi
; | 2
O
s@ o
\© . /

[Results of 'H-NMR Analysis]

Compound (2)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.55 (t, 2H, CH,), 1.64-
1.96 (m, 15H, Ad)
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Compound (3)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.40 (1, 2H, CH2), 4.21
(t, 2H, CH,), 1.61-1.98 (m, 15H, Ad)

Compound (4)

d(ppm)=7.50-8.00 (m, 14H, ArH) 5.46 (t, 1H, oxo-norbor-
nane), 4.97 (s, 1H, oxo-norbornane), 4.71 (d, 1H, oxo-nor-
bornane), 4.57 (d, 1H, oxo-norbornane), 2.69-2.73 (m, 1H,
oxo-norbornane), 2.06-2.16 (m, 2H, oxo-norbornane)

Compound (5)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.43 (s, 2H, CH,), 2.01
(s, 3H, CH,)

Compound (6)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.01 (s, 2H, CH,), 3.23
(s, 3H, CH,)

Compound (7)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.55 (s, 2H, CH,), 1.68-
1.98 (m, 15H, Ad) Compound (8)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.12 (s, 2H, CH,), 2.31-
2.43 (m, 1H, CH), 1.87-2.02 (m, 2H, CH,), 1.49-1.68 (m, 1H,
CH), 0.85-1.15 (m, 9H, CH;+CH;+CH,)

Compound (9)

d(ppm)=7.50-8.00 (m, 14H, ArH) 5.70 (t, 1H, CH), 4.46-
4.30 (m, 2H, CH,), 3.50 (m, 2H, CH,), 2.71-2.64 (m, 1H,
CH,), 2.33-2.24 (m, 1H, CH,)

Compound (10)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.80 (s, 1H, Ad), 3.80 (s,
2H, CH,), 2.11 (d, 2H, Ad), 1.30-1.98 (m, 12H, Ad)

Compound (11)

d(ppm)=7.50-8.00 (m, 14H, ArH) 4.43 (t, 2H, COOCH,),
2.81 (m, 2H, Camphanic acid), 2.41 (m, 1H, Camphanic
acid), 1.98 (t, 2H, CCH,S05;), 1.56 (m, 1H, Camphanic acid),
0.79-1.10 (m, 9H, Camphanic acid)

Compound (12)

d(ppm)=7.50-8.00 (m, 14H, ArH), 6.12 (s, 1H, CH), 5.65
(s, 1H, CH), 4.53-4.69 (t, 2H, CH,), 1.92 (s, 3H, CH,)

Compound (13)

d(ppm)=7.50-8.00 (m, 14H, ArH), 6.12 (s, 1H, CH), 5.78
(s, 1H, CH), 4.85 (s, 1H, CH), 4.53-4.68 (t, 2H, CH,,), 1.92 (s,
3H, CH,)

Compound (14)

d(ppm)=7.50-8.00 (m, 14H, ArH), 6.05 (s, 1H, CH), 5.65
(s, 1H, CH), 4.49-4.52 (1, 2H, CH,), 4.28-4.32 (t, 2H, CH,),
1.86 (s, 3H, CH,)

[Chemical Formula 87]

Compound (D1-1)

¢}

©
SO;

Compound (D1-1)

d(ppm)=7.50-8.00 (m, 14H, ArH), 2.88 (d, 1H, CH), 2.66-
2.74 (m, 1H, CH), 2.37 (d, 1H, CH), 2.17-2.24 (m, 1H, CH),
1.90 (t, 1H, CH), 1.74-1.89 (m, 2H, CH,), 1.22-1.29 (m, 2H,
CH,), 1.03 (s, 3H, CH,), 0.71 (s, 3H, CH,)

[Synthesis of Compound (15)]

10 g of compound 2 was dissolved in 50 g of dichlo-
romethane. Then, 50 g of water and 8.47 g of compound 3 was
added, followed by stirring for 30 minutes.

Thereafter, the organic solvent phase was subjected to
separation with 50 g of water, and the washing was conducted
3 times. The obtained organic solvent phase was dropwise
added to 500 g of hexane over 60 minutes, followed by
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stirring for 30 minutes and filtration. The obtained powder -continued
was dried at room temperature for 12 hours, thereby obtaining 0
12.25 g of compound (15). )
O/\ o 803
5 F,
[Chemical Formula 88]
CF;
C d (17
. 10 CF, ompound (17)
: 3@ c&so?
15 s@
CoH14F6038,
Mol Wt: 480.44
Compound 2
F, o
O C\
\”/ SO3Na 20 o gz o
i . O/\/ \ﬂ/ ~s0,
S—O fo)
2
o7
O
CoHyFsNaOsS, 2
Mol Wt: 370.28 (Compound 18)
Compound 3 CF3
CF;
Ey
O C
\“/ \S O? 30
®
S
O
S N S—O
Z
o7 |
O 35
Ca6Ha3F508S3 O F,
Mol Wt: 678.66 O C
Compound (15) \”/ ~g09
40 fo)
Compound (15) O
d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50 ¢}
(s, 1H, ArH), 4.78 (m, 1H, CH), 4.66 (t, 1H, CH), 3.88 (t, 1H, Compound (19)

CH), 3.31-3.36 (m, 1H, CH), 2.47-2.49 (m, 1H, CH), 1.73- 4
2.21 (m, 4H, CH,)
In the same manner as the compound (15), compounds (16)
to (18) and (26) to (28) were synthesized. Further, with the
exception of changing the cation to that of the compound 2, in o

(6]
the same manner as the compound (7), compounds (19) to 50 S O\)J\
(25) and (D1-2) were synthesized. The structures of com- \© Y Oe
(6]

CF3

pounds (16) to (28) and (D1-2) and the results of the 'H-NMR
analysis are shown below.

55 [Chemical Formula 90]

[Chemical Formula 89]
Compound (20)

Compound (16)
CF; CF;

60

S@
[@]
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Compound (21)

10

15
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[Chemical Formula 91]

CF;

o0

CF3

kY
g
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Compound (23)

35

O
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Compound (24) 45
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e}
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Compound (25)
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Compound (26)
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Compound (27)
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CF3
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CF;
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038
Compound (28)

; _CF;
@
CF;s
IS)
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[Results of 'H-NMR Analysis]

Compound (16)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.55 (t, 2H, CH,), 1.64-1.96 (m, 15H, Ad)

Compound (17)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.40 (t, 2H, CH,,), 4.21 (t, 2H, CH,), 1.61-1.98
(m, 15H, Ad)

Compound (18)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, H, ArH), 8.50
(s, 1H, ArH), 5.46 (t, 1H, oxo-norbomane), 4.97 (s, 1H, oxo-
norbornane), 4.71 (d, 1H, oxo-norbornane), 4.57 (d, 1H, oxo-
norbornane), 2.69-2.73 (m, 1H, oxo-norbornane), 2.06-2.16
(m, 2H, oxo-norbornane)

Compound (19)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.43 (s, 2H, CH,), 2.01 (s, 3H, CH,)

Compound (20)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.01 (s, 2H, CH,), 3.23 (s, 3H, CH,;)

Compound (21)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.55 (s, 2H, CH,), 1.68-1.98 (m, 15H, Ad)

Compound (22)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.12 (s, 2H, CH,), 2.31-2.43 (m, 1H, CH),
1.87-2.02 (m, 2H, CH,), 1.49-1.68 (m, 1H, CH), 0.85-1.15
(m, 9H, CH,;+CH;+CH,)

O
O/\/ow‘/\k
O

~
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Compound (23)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 5.70 (t, 1H, CH), 4.46-4.30 (m, 2H, CH,), 3.50
(m, 2H, CH,), 2.71-2.64 (m, 1H, CH,), 2.33-2.24 (m, 1H,
CH,)

Compound (24)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 4.80 (s, 1H, Ad), 3.80 (s, 2H, CH,), 2.11 (d, 2H,
Ad), 1.30-1.98 (m, 12H, Ad)

Compound (25)

d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H,ArH), 4.43 (t, 2H, COOCH,), 2.81 (m, 2H, Camphanic
acid), 2.41 (m, 1H, Camphanic acid), 1.98 (t, 2H, CCH,SO;),
1.56 (m, 1H, Camphanic acid), 0.79-1.10 (m, 9H, Camphanic
acid)

Compound (26)

d(ppm)=7.74-7.90 (m, 12H, ArH), 6.12 (s, 1H, CH), 5.65
(s, 1H, CH), 4.53-4.69 (1, 2H, CH,), 1.92 (s, 3H, CH,)

Compound (27)

d(ppm)=7.74-7.90 (m, 12H, ArH), 6.12 (s, 1H, CH), 5.78
(s, 1H, CH), 4.85 (s, 1H, CH), 4.53-4.68 (t, 2H, CH,), 1.92 (s,
3H, CH,)

Compound (28)

d(ppm)=7.74-7.90 (m, 12H, ArH), 6.05 (s, 1H, CH), 5.65
(s, 1H, CH), 4.49-4.52 (t, 2H, CH,), 4.28-4.32 (t, 2H, CH,),
1.86 (s, 3H, CH;)

[Chemical Formula 92]
Compound (D1-2)
5
CFs
6}
10 S O@
3 S@
15

Compound (D1-2)
d(ppm)=7.74-7.90 (m, 12H, ArH), 8.25 (d, 1H, ArH), 8.50
(s, 1H, ArH), 2.88 (d, 1H, CH), 2.66-2.74 (m, 1H, CH), 2.37
20 (d, 1H, CH), 2.17-2.24 (m, 1H, CH), 1.90 (t, 1H, CH), 1.74-
1.89 (m, 2H, CH,), 1.22-1.29 (m, 2H, CH,), 1.03 (s, 3H,
CH,), 0.71 (s, 3H, CH,)
Using the obtained compounds, resist compositions were

produced with the blend ratio shown in Tables 1 to 3 below
(Examples 1 to 10 and Comparative Examples 1 to 6).

TABLE 1
Component Component Component Component Component Component Component
) ®) ) ® ® (8)-1 (82
Exxample 1 (A)-1 (B1)-2 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
[100] [7.83] [5.15] [4.0] [0.2] [100] [3300]
Comparative (A)-1 (B)-1 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
Example 1 [100] [8.00] [5.15] [4.0] [0.2] [100] [3300]
Comparative (A)-1 (B)-2 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
Example 2 [100] [8.00] [5.15] [4.0] [0.2] [100] [3300]
Comparative (A)-1 (B)-3 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
Example 3 [100] [8.24] [5.15] [4.0] [0.2] [100] [3300]
Comparative (A)-1 (B)-4 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
Example 4 [100] [7.83] [5.15] [4.0] [0.2] [100] [3300]
TABLE 2
Component Component Component Component Component Component Component
) ®) ) ® ®) ()1 (82
Example 2 (A)-1 (B1)-2 (D1)-1 (F)-1 (E)-1 (S)-1 (S)-2
[100] [7.83] [5.33] [4.0] [0.2] [100] [3300]
Example 3 (A)-1 (B1)-16 (D1)-2 (F)-1 (E)-1 (S)-1 (S)-2
[100] [8.51] [5.85] [4.0] [0.2] [100] [3300]
Example 4 (A)-1 (B1)-16 (D1)-1 (F)-1 (E)-1 (S)-1 (S)-2
[100] [8.51] [5.33] [4.0] [0.2] [100] [3300]
Example 5 (A)-1 (B1)-16 (D1)-25 (F)-1 (E)-1 (S)-1 (S)-2
[100] [8.51] [6.62] [4.0] [0.2] [100] [3300]
Example 6 (A)-1 (B1)-16 (D1)-24 (F)-1 (E)-1 (S)-1 (S)-2
[100] [8.51] [6.3] [4.0] [0.2] [100] [3300]
Comparative (A)-1 (B)-1 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
Example 5 [100] [8.00] [5.15] [4.0] [0.2] [100] [3300]
TABLE 3
Component Component Component Component Component Component Component
) ®) ) ® ®) ()1 (82
Comparative (A)-1 (B)-1 (D)-1 (F)-1 (E)-1 (S)-1 (S)-2
Example 6 [100] [8.00] [5.15] [4.0] [0.2] [100] [3300]
Example 7 (A)-1 (B)-1 (D1)-1 (F)-1 (E)-1 (S)-1 (S)-2
[100] [8.00] [5.33] [4.0] [0.2] [100] [3300]
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TABLE 3-continued

152

Component Component Component Component Component

Component Component

&) ®) ) ® ®) ()1 (82
Example 8 (A)1 (B)1 (D1)-2 (F)-1 (E)-1 (8)-1 ()2
[100] [8.00] [5.85] [4.0] [0.2] [100] [3300]
Example 9 (A)1 (B)-1 (D1)-25 (F)-1 (E)-1 (8)-1 ()2
[100] [8.00] [6.62] [4.0] [0.2] [100] [3300]
Example 10 (A)1 (B)-1 (D1)-24 (F)-1 (E)-1 (8)-1 ()2
[100] [8.00] [6.3] [4.0] [0.2] [100] [3300]
In the tables, the reference characters indicate the follow- -continued
ing. Further, the values in brackets [ | indicate the amount of
the component added. s -
(A)-1: polymeric compound (A)-1 shown below O\)<
(B)-1 to (B)-4: compounds (B)-1 to (B)-4 shown below, so?
respectively 4
(B1)-2, (B1)-16: the above compounds (2) and (16), 2
respectively
(D)-1: compound (D)-1 shown below
(D1)-1, (D1)-2, (D1)-24, (D1)-25: the above compounds
(D1)-1, (D1)-2, (D1)-24 and (D1)-25, respectively ’s s®
(F)-1: polymeric compound (F)-1 shown below (molar
ratio: 1/m=77/23, Mw=23,100, Mw/Mn=1.78)
(E)-1: salicylic acid
(S)-1: y-butyrolactone 30
(S)-2: a mixed solvent of PGMEA/PGME/cyclohex- EoT
anone=45/30/25 (weight ratio)
O\)< ©
SO;
[Chemical Formula 93] 35 fo)
A)-1
F
,(\é k\é ’k\é 20 <j
@
I/m/n = 30/60/10, Mw = 7000, Mw/Mn = 1. 71
®-1 Y F F
F F 0\)< o
O\X o
SO; o
55
(6]
F
S® S®

65

(B)-2

B)-3

B)-4
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-continued
[Chemical Formula 94]

S

-1

B¢
&

SO;

D)-1

Formation of Resist Pattern
Examples 1 to 10, Comparative Examples 1 to 6

Organic anti-reflection film compositions “ARC95” and
“ARC212” (both manufactured by Brewer Science Ltd.) were
applied to an 12-inch silicon wafer using a spinner with a
thickness of 72 nm and 14 nm, respectively, and the compo-
sition was then baked at 205° C. for 60 seconds and dried,
thereby forming an organic anti-reflection film having a film
thickness of 85 nm.

Then, each of the above resist compositions in Tables 1 to
3 was applied to the antireflection film, and was then prebaked
(PAB) on a hotplate at 110° C. for 50 seconds and dried,
thereby forming a resist film having a film thickness of 85 nm.

Subsequently, the resist film was selectively irradiated with
an ArF excimer laser (193 nm) through a mask, using an
immersion lithography ArF exposure apparatus NSR-S609B
(manufactured by Nikon Corporation; NA (numerical aper-
ture)=1.07; Dipole (in/out=0.78/0.97) with Polano; immer-
sion medium: water).

Further, a post exposure bake (PEB) was conducted at 90°
C. for 50 seconds.

Next, a solvent development was conducted at 23° C. for 13
seconds using butyl acetate, followed by drying by shaking.

Asaresult, in each of the examples, a space and line pattern
(hereafter, referred to as “SL pattern”) having a space width
of 47 nm and a pitch of 110 nm was formed.

[Evaluation of Optimum Exposure Dose (Eop)]

The optimum exposure dose Eop (mJ/cm?) with which the
SL pattern was formed in the above formation of resist pattern
was determined. The results are indicated under “Eop” in
Tables 4 to 6.

[Evaluation of Exposure Latitude (EL. Margin)]

With respect to the exposure dose with which the above SL.
pattern is formed, the exposure dose with which an SL. pattern
having a dimension of about the target dimension +5% was
determined, and the EL. margin (unit: %) was determined by
the following formula. The results are indicated “5% EL (%)
in Tables 4 to 6.

EL margin(%)=(|E1-E2|/Eop)x100
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El: Exposure dose (ml/cm®) with which an SL pattern
having a line width of 44.5 nm was formed

E2: Exposure dose (ml/cm®) with which an SL pattern
having a line width of 49.5 nm was formed

The larger the value of the “EL margin”, the smaller the
change in the pattern size by the variation of the exposure
dose.

[Evaluation of Mask Error Factor (MEEF)]

In accordance with the same procedure as in the formation
of'the SL pattern, an SL pattern having a pitch of 110 nm was
formed with the same exposure dose and using a mask pattern
in which the target size of the line pattern was 43 to 52 nm (10
target sizes at intervals of 1 nm). The value of the mask error
factor was determined as the gradient of a graph obtained by
plotting the target size (nm) on the horizontal axis, and the
actual size (nm) of the space pattern formed on the resist film
using each mask pattern on the vertical axis. A MEEF value
(gradient of the plotted line) closer to 1 indicates that a resist
pattern faithful to the mask pattern was formed.

The results are shown in Tables 4 to 6.

[Evaluation of Line Width Roughness (LWR))]

With respect to each of the above SL patterns, the space
width at 400 points in the lengthwise direction of the space
were measured using a measuring scanning electron micro-
scope (SEM) (product name: S-9380, manufactured by Hita-
chi High-Technologies Corporation; acceleration voltage:
300V). From the results, the value of 3 times the standard
deviation s (i.e., 3s) was determined, and the average of the 3s
values at 400 points was calculated as a yardstick of LWR.
The results are shown in Tables 4 to 6.

The smaller this 3s value is, the lower the level of rough-
ness of the line width, indicating that an SL pattern with a
uniform width was obtained.

TABLE 4
Eop 5% EL (%) LWR (nm) MEEF (nm)
Example 1 16.21 4.65 2.21 1.93
Comparative 20.32 3.21 2.62 2.32
Example 1
Comparative 20.12 3.21 2.65 2.36
Example 2
Comparative 21.35 3.12 2.73 2.29
Example 3
Comparative 19.91 3.43 2.59 2.42
Example 4
TABLE 5
Eop 5% EL (%) LWR (nm) MEEF (nm)
Example 2 15.13 5.32 2.13 1.82
Example 3 14.82 5.69 2.26 1.79
Example 4 15.32 5.73 2.19 1.83
Example 5 13.78 5.78 2.21 1.73
Example 6 13.91 5.82 2.31 1.69
Comparative 20.32 3.21 2.62 232
Example 5
TABLE 6
Eop 5% EL (%) LWR (nm) MEEF (nm)
Comparative 20.32 3.21 2.62 232
Example 6
Example 7 17.12 3.12 2.31 1.81
Example 8 16.72 5.98 2.35 1.76
Example 9 18.12 6.32 2.28 1.75
Example 10 17.91 6.42 2.23 1.74
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As shown in the results above, the resist composition of the
present invention exhibits excellent Eop, EL margin, LWR
and MEEF.

While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the invention and are not to be con-
sidered as limiting. Additions, omissions, substitutions, and
other modifications can be made without departing from the
spirit or scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the
appended claims.

What is claimed is:

1. A resist comprising:

abase component (A) which exhibits changed solubility in
a developing solution under action of acid,

a solvent, and

an acid generator component (BO) comprising a compound

(BO-1) represented by general formula (b0O) shown
below:
(b0)
Rb!
®
rRb2” S\Rbs x1©

wherein Rb' represents a perfluoroalkyl group of 1 to 4 car-
bon atoms, a nitro group, a hydroxy group, a cyano group, an
acyl group of 1 to 4 carbon atoms or a halogen atom; Rb* and
Rh? each independently represents an unsubstituted phenyl
group; and X1~ represents a monovalent counteranion
capable of generating a strong acid.

2. The resist composition according to claim 1, which
further comprises an acid diffusion control agent (D).

3. The resist composition according to claim 2, wherein the
acid diffusion control agent (D) comprises a compound (DO0)
represented by general formula (d0) shown below:

(d0)
Rb!

3@

a2” N ©

RB3 X2

wherein Rb' represents an electron withdrawing group; Rb?
and Rb? each independently represents an aryl group which
may have a substituent, an alkyl group which may have a
substituent or an alkenyl group which may have a substituent,
provided that Rb® and Rb® may be mutually bonded to form a
ring with the sulfur atom; and X2~ represents a monovalent
counteranion capable of generating a weak acid.
4. A resist composition comprising:
abase component (A) which exhibits changed solubility in
a developing solution under action of acid,
a solvent, and
an acid diffusion control agent (D) comprising a compound
(DO) represented by general formula (d0) shown below:
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(d0)
Rb!

-
27T pp? X2

wherein Rb' represents a perfluoroalkyl group of 1 to 4 car-
bon atoms, a nitro group, a hydroxy group, a cyano group, an
acyl group of 1 to 4 carbon atoms or a halogen atom; Rb* and
Rb? each independently represents an unsubstituted phenyl
group; and X2~ represents a monovalent counteranion
capable of generating a weak acid.

5. The resist composition according to claim 4, which
further comprises an acid generator component (B) which
generates acid upon exposure.

6. The resist composition according to claim 5, wherein the
acid generator component (B) comprises a compound (B0-1)
represented by general formula (b0) shown below:

(b0)
Rb!

©

27 X1

R Rb?

wherein Rb' represents an electron withdrawing group; Rb?
and Rb? each independently represents an aryl group which
may have a substituent, an alkyl group which may have a
substituent or an alkenyl group which may have a substituent,
provided that Rb* and Rb® may be mutually bonded to form a
ring with the sulfur atom; and X1~ represents a monovalent
counteranion capable of generating a strong acid.

7. A compound (B11) represented by general formula
(B11) shown below:

(B11)

Rb!
®
S ©
2T Rp X11
(b11-1)
Rb!02
Rb!0—ypl0l—yplol SO?

F
(b11-2)
Rb104—Lb101—Vb102—S(\)2

©
N

RblOS_LbIOZ_VbIOS_S(/)Z

(b11-3)
RblOG_Lb103

RblO7_LblO4_é9
RblOS_LbIOS

wherein Rb' represents a perfluoroalkyl group of 1 to 4 car-
bon atoms, a nitro group, a hydroxy group, a cyano group, an
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acyl group of 1 to 4 carbon atoms or a halogen atom; Rb* and
Rb? each independently represents an unsubstituted phenyl
group; and X117 is a counteranion represented by any one of
formulae (b11-1) to (b11-3); Rb'?!, Rb'** and Rb'°® each
independently represents a cyclic group which may have a
substituent or a chain-like alkenyl group which may have a
substituent; Rb'°® to Rb'°® each independently represents a
cyclic group which may have a substituent, a chain-like alkyl
group which may have a substituent or a chain-like alkenyl
group which may have a substituent; provided that Rb'** and
Rb'®® may be mutually bonded to form a ring; Rb*°® and
Rb'°7 may be mutually bonded to form a ring; Rb*“? repre-
sents a fluorine atom or a fluorinated alkyl group of 1 to 5
carbon atoms; Yb'°! represents a single bond or a divalent
linking group containing an oxygen atom; Vb'°! to Vb'©?
each independently represents a single bond, an alkylene
group or a fluorinated alkylene group; Lb'®! and Lb'°? each
independently represents a single bond or an oxygen atom;
Lb'% to Lb'® each independently represents a single bond,
—CO—or —SO,—.

8. A polymeric compound (A0-B11) comprising a struc-
tural unit derived from a compound (B11-01) represented by
general formula (B11-01) shown below:

(B11-01)
Rb!
<®
Rb2T R x1119
- (b11-01-1)
Rb
RbZOl_YbIOI_VbIOI SO?
F
204 101 102 (b11_01_2)
Rb2*—Lb 10—Vl —30,
\
N

Rb205_ LblOZ—Vb103—S(/)2

(b11-01-3)
RbZOG_Lb103

Rb27—Lb 104 _\éa

RbZOS_ LblOS

wherein Rb' represents a perfluoroalkyl group of 1 to 4 car-
bon atoms, nitro group, a hydroxy group, a cyano group, an
acyl group of 1 to 4 carbon atoms or a halogen atom; Rb* and
Rb? each independently represents an unsubstituted phenyl
group; and X11-17 is a counteranion represented by any one
of formulae (b11-01-1) to (b11-01-3); Rb>*! represents a
chain-like alkenyl group which may have a substituent; Rb>**
and Rb*°* each independently represents a cyclic group
which may have a substituent or a chain-like alkenyl group
which may have a substituent, provided that at least one of
Rb>** and Rb> represents a chain-like alkenyl group which
may have a substituent; Rb>° to Rb*°® each independently
represents a cyclic group which may have a substituent, a
chain-like alkyl group which may have a substituent or a
chain-like alkenyl group which may have a substituent (pro-
vided that at least one of Rb>% to Rb>°® represents a chain-
like alkenyl group which may have a substituent); Rb'®>
represents a fluorine atom or a fluorinated alkyl group of 1 to
5 carbon atoms; Yb'®! represents a single bond or a divalent
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linking group containing an oxygen atom; Vb'°! to Vb'©?
each independently represents a single bond, an alkylene
group or a fluorinated alkylene group; Lb,, and Lb,,, each
independently represents a single bond or an oxygen atom;
Lb'% to Lb'® each independently represents a single bond,
—CO—or —SO,—.

9. A resist composition comprising: the polymeric com-
pound (A0-B11) of claim 8,

a solvent, and

optionally a base component (A) which exhibits changed

solubility in a developing solution under action of acid.

10. The resist composition according to claim 9, which
further comprises an acid diffusion control agent (D).

11. The resist composition according to claim 10, wherein
the acid diffusion control agent (D) comprises a compound
(DO) represented by general formula (dO):

(d0)
Rb!

©

R X2

R Rb?

wherein Rb' represents an electron withdrawing group; Rb?
and Rb? each independently represents an aryl group which
may have a substituent, an alkyl group which may have a
substituent or an alkenyl group which may have a substituent,
provided that Rb* and Rb® may be mutually bonded to form a
ring with the sulfur atom; and X2~ represents a monovalent
counteranion capable of generating a weak acid.

12. A compound (D11) represented by general formula
(D11) shown below:

(D11
Rb!

X21
(d11-1)

(d11-2)

(d11-3)

wherein Rb' represents a perfluoroalkyl group of 1 to 4 car-
bon atoms, nitro group, a hydroxy group, a cyano group, an
acyl group of 1 to 4 carbon atoms or a halogen atom; Rb* and
Rb? each independently represents an unsubstituted phenyl
group; and X217 is a counteranion represented by any one of
formulae (d11-1) to (d11-3); Rd' represents a cyclic group
which may have a substituent, a chain-like alkyl group which
may have a substituent or a chain-like alkenyl group which
may have a substituent; Rd*° represents a chain-like alkenyl
group which may have a substituent, a chain-like alkyl group
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which may have a substituent or an aliphatic cyclic group
which may have a substituent, provided that 10-camphorsul-
fonate is excluded from formula (d11-2); Rd* and Rd* each
independently represents a cyclic group which may have a
substituent, a chain-like alkyl group which may have a sub-
stituent or a chain-like alkenyl group which may have a sub-
stituent; provided that, the carbon atom adjacentto the S atom
within the Rd*° group in formula (d11-2) has no fluorine atom
bonded thereto; Yd'° represents a single bond or a divalent
linking group.

13. A polymeric compound (A0-D11) comprising a struc-
tural unit derived from a compound (D11-01) represented by
general formula (D11-01) shown below:

(D11-01)

Rb!
s® ©
Rp2T pp? X21-1
(d11-01-1)
I
C
Rq100” \8
(d11-01-2)
RdZOO—SO?
(d11-01-3)
2
Ydlo S
Rq#00” \Ne/ \Rdsoo

wherein Rb' represents a perfluoroalkyl group of 1 to 4 car-
bon atoms, a nitro group, a hydroxy group, a cyano group, an
acyl group of 1 to 4 carbon atoms or a halogen atom; Rb* and
Rb* each independently represents an unsubstituted phenyl
group; and X21-17 is a counteranion represented by any one
of formulae (d11-01-1) to (d11-01-3); Rd'® represents a
chain-like alkenyl group which may have a substituent; Rd>°°
represents a chain-like alkenyl group which may have a sub-
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stituent; at least one of Rd*°° and Rd*®° represents a chain-
like alkenyl group which may have a substituent; provided
that, the carbon atom adjacent to the S atom within the Rd*°°
group in formula (d11-01-2) has no fluorine atom bonded
thereto; Yd'° represents a single bond or a divalent linking
group.

14. A resist composition comprising: the polymeric com-
pound (A0-D11) of claim 13,

a solvent, and

optionally a base component (A) which exhibits changed

solubility in a developing solution under action of acid.

15. The resist composition according to claim 14, further
comprising an acid generator component (B) which generates
acid upon exposure.

16. The resist composition according to claim 15, wherein
the acid generator component (B) comprises a compound
(B1) represented by general formula (b1) shown below:

(b1)
Rb!

@
z/s\ x1°

Rb Rb?

wherein Rb' represents an electron withdrawing group; Rb?
and Rb> each independently represents an ar;ll group, an alkyl
group or an alkenyl group, provided that Rb and Rb*> may be
mutually bonded to form a ring with the sulfur atom; and X1~
represents a monovalent counteranion capable of generating
a strong acid.
17. A method of forming a resist pattern, comprising:
forming a resist film on a substrate using a resist compo-
sition of claim 9; exposing the resist film; and
developing the resist film to form a resist pattern.
18. A method of forming a resist pattern, comprising:
forming a resist film on a substrate using a resist compo-
sition of claim 14; exposing the resist film; and
developing the resist film to form a resist pattern.

#* #* #* #* #*



